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INTRODUCTION. 



In the latter part of the year 1871, Edward Hermon^ Esq,, Member of 
Parliament for Preston, deeply lamenting the frequency of explosions and 
other accidents in coal mines, and the terrible loss of human life resulting 
there&om, determined to offer prizes for the best essays on the means of 
preyenting such calamities. This intention he communicated to the Mayor 
of Preston, Miles Myres, Esq., as follows : — 

*' I haye felt deeply the terrible calamities that haye beMlen our mining 
population of late, and haye considered whether anything could be done to 
preyent these catastrophes. With this object in yiew, I propose to giye a 
premium of £200 for the best essays on the subject, to be competed for by 
practical miners in the coalfields of Lancashire and Yorkshire — say, £150 
for a first prize, and £50 for a second. In your official capacity as Mayor 
and Coroner, I am sure you will assist in gaining the attention of those con- 
cerned to the subject. I haye no doubt we shall find three able and impar- 
tial judges to decide on the merits of the pamphlets, one of the conditions 
being that phraseology and spelling shall not influence the decision, but the 
prize to be awarded for the most useful and life-preserying suggestions." 

The Mayor of Preston readily responded to the call made upon him, and 
announcements were issued and inyitations giyen to practical men to com- 
pete for the prizes. Alexander Sfcayeley Hill, Esq., M.P., Thomas Hughes, Esq., 
M.P., and Bupert Kettle, Esq., were appointed judges, and, in June, 1873, 
they gaye the following 

^w^^- June, 1873. 

We haye perused the essays forwarded to us on the subject of the best 
means of preyenting accidents in mines, especially with regard to explosions ; 
and we haye agreed upon bracketing as of equal merit for the first prize the 
essays of "Mr. Robert Eloin," • of 63,Wes1^Btreet, Sheffield ; and Mr. William 
Galloway, of 3, Duke-street, Portland-place, London. These essays are both 
of yery high merit. We place as next to these an essay by Mr. Hopton, of 
St. Helens ; and we are of opinion that the essay by Mr. Bainbridge, of the 
Duke of Norfolk's Colliery Office, Sheffield, is entitled to high commendation. 
Seyeral of the other essays show a great amount of practical knowledge of 
mining, and we desire to express our gratification at the high order of ability 
and accurate knowledge of their duties which the essays show to exist among 
those who manage mining operations, and our sense of the great seryice 
rendered by Mr. Hermon in offering this prize, in inducing the writers of 
these essays to bring their minds to a careful consideration of the subject. 

Alex. Statelet Hill. 

Thomas Hughes. 

BuPEBT Kettle. 

♦ Tbis was the nom de guerre adopted by Mr. Wilfred Creswick, now of 8, George- 

street, Sheffield. 
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Upon reoeiving the award, Mr. Hermon resolved to increase the amount he 
had originally offered in prizes, and to so re-anunge the amonnta as to meet the 
ease of the two essays declared to he of eqnal merit, and to he entitled to the 
first prize. He, therefore, wrote again to the Mayor of listen (Mr.' Myres 
still holding that office) as follows : — 

To Miles Mtbes, Esq., Mayob of Preston. 

^' My dear Sir, — ^ Essays on Prevention of E9q>losions and Acddenis in 

Coal Mines.' You were kind enough to call the attention of the mining 

population to my offer of prizes in this matter. Finding you still occupying 

the same honourahle position, I venture to ask you in your official capacity to 

distrihute the enclosed cheques to the parties indicated in the next award. 

You will rememher that I named £200 for this purpose, allotting £150 for 

the first and £50 for the second prize ; hut the judges, you will ohservey 

place two as equally deserving a first prize. They then select one as second, 

and, further, highly commend another essay. I have, therefore, with much 

pleasure increased the amount to he distrihuted to £275, that is to say — Two 

first prizes at £100 each, £200 ; one second prize, £50 ; one third prize, 

£25 ; total, £275. I hope this will he satisfisustory to all concerned. I have 

only further to express my acknowledgments to you, and my deep obligation 

to the judges for the labour, care, and time they have bestowed upon the 

consideration of these essays. — ^Yours sincerely, 

'^Edwabd Hsbkon, 
"London, 38, Grosvenor-place> June 12, 1873. 

" P. S. — ^I hope the prize essays may be published, and, perhaps, some of 
the others, as I entertain a strong expectation that ultimately the mining 
population will derive the advantage intended by this endeavour to bring out 
from practical experience the best means for the prevention of explosions and 
other accidenta in coal mines. — ^E. H." 

In accordance with Mr. Hermon's expressed wish the two essays by 
Messrs. Creswiok and Galloway were published in several newspapers, and, 
together with that of Mr. Hopton, they were published at length in the OoU 
liery Quardian, They excited considerable public interest, and as the num- 
bers of the Colliery Guardian in which they originally appeared are now out 
of print, the essays have been reproduced in the present volume in the hope 
that thus they may be found of service to those engaged in mining enter- 
prise, and contribute in some degree to the econcoiy of human life in under- 
ground operations. 

Colliery Guardian Office, 
5, Bouverie-strcet, London, E.G. 
January, 1874. 
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THE PREVENTION OP ACCIDENTS IN MINES. 
ME, WILFEED CEESWICK'S ESSAY, 

(Signed « Bobert EUnnT) 
TO WHICH ▲ FIB8T FEIZE WA8 AWABDED. 



PBBLUDE. 



An essay on the Preyention of Aocidents in Mines wonld be very incom- 
plete unless referring to the General Bnles of the Acts of Parliament, and 
the Special Boles which are framed with the approval of her Majesty's 
Secretary of State, and her Majesty's Inspectors of Mines. As each role is 
intended to preyent accidents, therefore I snbjoin them in their nsnally printed 
form (with my remarks on the margin) ; for the same reason I refer to the 
number of rules relating to suggestions I make in the course of this essay, it 
being understood that, as I approye of the subjoined rules, excepting where 
it is expressly stated to the contrary^ or an explanation is given, no reference on 
the margin of any rule signifies my approval of that rule. This essay will 
also treat on subjects not mentioned in the subjoined rules. 

The Laws affecting Coal Mines amd Ironstone Mines now 

require that — 

The owner of the mine shall establish such Special Rules for the oonduct 
and guidance of the persons acting in the management of the mine, and of 
all persons employed in or about the same, as shall be approved by the 
Secretary of State. 

The owner or agent of the mine shall cause the General Hules and Special 
Rules to be painted or posted on a board, and hung up at the principal office, 
and at the place where the workmen are paid ; and a printed copy of the 
General Rules and Special Rules shall be supplied to all persons employed in 
and about the mine who shall apply for snch copy. The General Rules and 
Special Rules so painted, or posted, or printed, shall be renewed and restored 
as often as the same, or any part thereof, may be changed, defaced, or 
destroyed. A person who pulls down, injures, or defaces any notice hung up 
or affixed as required by the Mines Regulation and Inspection Act, will be 
liable to a penalty of not exceeding forty shillings. 

The owner or agent of the mine shall provide accurate maps of the under- 
ground workings ; and shall in all respects manage the mine, and conduct 
the proceedings thereof, in accordance with the requirements of the Act 23 
and 24 Yict., c. 151, and of the Act 5 and 6 Yict., c. 99. 

A 
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The Mines Regulation and Inspection Act recites tliat every person em- 
plojed in or about a mine, -who neglects or wilfnllj violates any of the Special 
Boles established for such mine, shall, for every such offence, be liable to a 
penalty not exceeding two pounds, or to be imprisoned, with or without hard 
labour, for any period not exceeding three calendar months. 

The same Act of Parliament also recites that, after the 1st of July, 1861, 
a hay above ten years and under Ucelve years of age can only be employed in a 
mine on either of the following conditions, namely : — ^The owner of the mine 
shall obtain a certificate from a competent schoolmaster that such boy is able 
to read and write ; or, that in the second and every subsequent lunar month 
during which such boy is employed, the owner shall obtain a certificate from 
a competent schoolmaster that such boy has attended school for not less than 
three hours a day for two days in each week during the lunar month imme« 
diately preceding, exclusive of any attendance on Sundays. 



Oeneral Bules, <wcarding to the Act 23 and 24 

Vict., c. 151. 

The following Oeneral Rules shall be observed by the owner 
and agent : — 

1. An adequate amount of ventilation shall be constantly 
produced in all coal mines or collieries and ironstone mines, to 

£xii£nation ^^^^^ *^^ render harmless noxious gases to such an extent 
that the working places of the pits, levels, and workings of 
every such colliery and mine, and the travelling roads to and 
from such working places, shall, under ordinary circumstances, 
be in a fit state for working and passing therein. 

2. All entrances to any place not in actual course of working 
and extension, and suspected to contain dangerous gas of 
any kind, shall be properly fenced off, so as to prevent access 
thereto. 

See page 32. 3. Whenever safety lamps are required to be used, ihey shall 
be first examined and securely locked by a person or persons 
duly authorised for this purpose. 

4. Eveiy shaft or pit which is out of use, or used only as an 
airpit, shall be securely fenced. 

Drop gates would 5. Every working and pumping pit or shaft shall be pro- 
dnw^^kf t"^ * P^^y fenced when operations shall have ceased or been sus< 
See page 37. ' pended. 

An sbafu should 6. Every working and pumping pit or shaft where the 

Ste inmctOT^ natural strata, under ordinary circumstances, are not safe, 

rects othenrise. shall be securely cased or lined, or otherwise made secure. 

P*8« *'• 7, Every working pit or shaft shall be provided with some 

proper means of communicating distinct and definite signals 

from the bottom of the shaft to the surfiice, and frt>m the sur- 

fi^e to the bottom of the shaft. 
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8. All underground, self-acting, and engine planes, on which It may, in some 
persons travel, are to be provided with some proper means of Jesfrablc*^to^ have 
signalling between the stopping places and the ends of the a separate road 

planes, and with sufficient places of refacre at the sides of ^^^P^'^J!"**^*^''^" 

vel on. These cases 
such planes at intervals of not more than twenty yards. should be left to 

the inspector, iirho 
can decide when 
such is needful. 

9. A sufficient cover overhead shall be used when lowering g^^ p^ig^ 35^ 

or raising persons in every working pit or shaft where required 
by the Inspectors. 

10. No single-linked chain shall be used for lowering or 
raising persons in any working pit or shaft, except the short 
coupling chain attached to the cage or load. 

11. Flanges or horns of sufficient length or diameter shall 
be attached to the drum of every machine used for lowering 
or raising persons. 

12. A proper indicator, to show the position of the load in A brake should 
the pit or shaft, and also an adequate brake, shall be attached ^ ^*^^See**naee 
to every machine worked by steam or water power used for 36. 
lowering or raising persons. 

13. Every steam boiler shall be provided with a proper steam 
gauge, water gauge, and safety valve. 

14. The fly wheel of every engine shall be securely fenced. 

15. Sufficient boreholes shall be kept in advance, and, if See pages 33, 34, 
necessary, on both sides, to prevent inundations in every ^^' 
working approaching a place likely to contain a dangerous 
accumulation of water. 



Special Rules. 

The following special rules shall be observed by the agent, 
underground viewer, deputies, miners, and workpeople : — 

1. The agent and underground viewer shall see that com- As to the age, see 

patent deputies are apiwinted to superintend the underground P*I*^* ^^^ ^' '» .t®'^ 

.. adcQuate ventila- 

works and workpeople ; that qualified enginemen, banksmen, tion, see page 2U. 

and hangers-on (above the age of eighteen years) are employed 

to attend the engines and pits ; and shall be responsible for 

the general safety of the works, machinery, ropes, and tackle, 

and for the adequate ventilation of the mines ; and shall at 

least oiice a week measure with an anemometer the several air 

currents, and examine the workings of each mine, and see that 

the air is circulating in a proper manner, and in sufficient 

quantities to dilute and render harmless noxious gases to such 

an extent that the shafts, levels, and working places of the 

mines, and the travelling roads to and from such working 
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places shall, nndcr ordinary circamstanoes, be in a fit state for 
working and passing therein ; and shall farther see that all 
entrances to any place not in actual course of working and 
extension, and suspected to contain dangerous gas of any 
kind, shall be properly fenced off so as to prevent access 
thereto. 

See page 82; also 2* ^ho agent and the underground viewer shall see that 
P»ge 22. careful and steady men are employed every day and night at 

the ventilating furnaces or other ventilating apparatus ; that 
an adequate stock of proper safety lamps is provided and 
maintained ; that lampkeepers are appointed to examine and 
lock them ; and shall not allow a safety lamp to be used that 
haa fewer than twenty-eight parallel wires in an inch, or which 
is not furnished with a lock, shield, and wire picker. 

See page 86 about 3. The agent and the underground viewer shall see that an 
^^^^^' ample stock of good timber, props, bricks, lime, ropes, 

brattices, air-pipes, and other requisite materials, is always on 
the premises ; and that a sufficient cover overhead is provided 
for use when lowering or raising persons in a working pit or 
shaft. 

4. The agent and the underground viewer must provide the 
signals mentioned in General Rule 7, and in Special Rules 
49 and 50 ; and must see that all underground self-acting and 
engine planes on which persons travel are provided with some 
proper means of signalling between the stopping places and 
the ends of the planes, and with sufficient places of refuge at 
the sides of such planes at intervals of not more than twenty 
yards; and with suitable " backstays " or " drags " to fix behind 
the trains going up the planes. 

5. The agent and the underground viewer must supply to 
every person employed in and about the mines a printed copy 
of the General Rules and Special Rules. 

Sec page 87. ^* ^^^ underground viewer shall see that all underground 
shafts, and openings into the sides of shafts, are securely fenced 
when practicable. Wherever there is a sump at the bottom of 
a working pit, the underground viewer must have it safely 
covered with a scaffi)ld, and see that there is adequate ventila- 
tion beneath all scaffolds in shafts. 

Tight stoppings, ?• The underground viewer or his deputy shall see that the 
&c. See pages 22, aircourses and air crossings are kept properly open ; that 

regulators, tight stoppings, doors, and sheets are fixed where 

Boof supports, &c. needful; that air-pipes, brattices, danger signals, fire boards, 

^^ ' packwalls, props, bars, and *' sprags " are put where required ; 

that the ventilating furnaces or other ventilating apparatus are 

constantly attended to ; and that the various roads are well 
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propped and in good repair. The underground viewer or his 
deputy must remain underground until the day's work is 
finished, and see that the doors and sheets arc closed, and 
everything left safe. 

8. The underground viewer or his deputy shall inspect the See page 36. 
drawing shaft every morning before any other person goes SJf^*37^' 
down; and see that stays, conductors, walling, tubbing, 
sheeting, and signal apparatus are in safe condition ; and 

shall, on discovering anything wrong, immediately warn the 
banksman, and order all necessary repairs to be made as soon 
as possible. 

9. The underground viewer or his deputy shall (with a See pages 22, 23. 
safety lamp) daily examine every travelling road and working 

place before the miners and boys descend ; and, if he finds the 
roads and works well ventilated and in other respects safe, he 
shall give a signal to the banksman ; but if danger from gas 
or from any other source be apprehended, he shall not allow 
a miner or a boy to go there until the danger is removed. No 
person shall descend the pit (except the agent, underground 
viewer, deputies, hanger-on, tonace man, and horsekeeper), 
until it has been signalled from the bottom that the under- 
ground works have been examiued. 

10. Should the underground viewer or his deputy find any See pages 22, 23. 
part of the works unsafe^ he shall immediately take up two 

rails (as a danger signal) and put them across each other in 
the entrances to such place; and aU other persons (except 
deputies) are forbidden to go beyond the crossed rails. The 
underground viewer or his deputy must also personally warn 
the workpeople concerning the danger. 

11. The underground viewer or his deputy (in addition to See page 23, about 
the daily examination mentioned in Special Rule 9) shall, at "^ g^J^^yer tWs 
least on every alternate day^ visit the ventilating furnaces or "fiery" part of 
other ventilating apparatus ; and inspect vnth a safety lamp nun*?' 

the places not working, the goaves, abandoned roads.air courses, 
reg^ulators and air crossings ; and if at any time any part bo 
found ^^ fiery f*^ he must persqnally warn men and boys not to 
enter it, and fix bars across th6 entrances, and hang boards 
with the word "fire** painted thereon. 

12. The underground viewer or his deputy must see that See pages 22, 23. 
locked safety lamps are used and naked lights excluded when- 
soever and wheresoever danger from firedamp may reasonably 

be expected. 

13. The underground viewer shall appoint at least two See pages 22, 23. 
experienced deputies in each pit when working " double shift** 

--^ne during the night, the other during the day. The 
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deputy ou tLo night shiflb mnst examine the roads and works 
before the miners and boys descend in a morning (as per 
Special Rale 9) ; and before leaving the pit he must see the 
deputy coming on the day shift, and report to him whatever 
may require attention. The deputy on the day shift must 
examine the drawing shaft every morning (as per Special Rule 
8) ; and he or some other person appointed by the under- 
ground viewer must remain in the mine until the day's work 
is finished, and see that the doors and sheets are closed, and 
everything left safe. 

See pages 22, 28 ; 14. The underground viewer or his deputy must see that 
and page 27. ^ aircourses and air crossings are made and maintained not 

less than — [the size varies according to different mines] — 
sectional area ; and that air pipes and brattices are not more 
than ten feet from the face, and brattices not less than eighteen 
inches from the side. 

See pages 22, 2a, 15. The underground viewer or his deputy must see that 
also page 28. ^.j^^ permanent stoppages are well boilt with stone or bricks 

and lime, and plastered on one side, and supported by packing 

or stowing. 

See pages 22, 2S* 16. The underground viewer or his deputy must see that 

See page 81. ^^^ doors in the main airways are either checked or doubled ; 

that doors whicb are only used occasionally by himself or 

deputy are securely locked ; and that all doors are hung so that 

they will fall to of themselves. 

See pages 22, 23. 17. The underground viewer or his deputy must see that 

See page 81. doorkeepers are appointed (where needful) to open and shut 

the doors ; and he must not allow a doorkeeper to leave a door 

until the day's work or night's work is finished, or until 

another person is appointed to take care of the door. 

See page 38. 18. The underground viewer or his deputy must see that 
sufficient boreholes are kept in advance, and, if necessary, 
on both sides to prevent inundations in every working ap- 
proaching a place likely to contain a dangerous accumula- 
tion of water. 

See pages 22, 23 ; 19. When a working place is approaching " oZJ Jwllows^^* 

also page 32, ^^ underaround viewer or the deputy must see that locked 

about powder* al- * •^ 

so about the 'air ^afeiy lamjps are used and naked lights are excluded, so as to 

passing over this guard against an influx of firedamp, 
working place. " ^ 

See pages 22, 23. 20. The undergrotmd viewer or his deputy must see that 

when a workman is using a safety lamp, a boy or other per- 
son does not use a naked liglvt in or near to the same place* 

It would be trell 21. The agents underground viewer, and deputies shall have 
ti' ^r ^ ^*®®8 o^ control over all persons employed, and the latter must obey 
the offender were their loAvful commands. The deputies must report to the 
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agent or the nndergroand viewer any violation of mles or taken before the 
orders, so that steps may be taken to insnre discipline through- SJ^SS^^h^'ip^on 
out the works. of a fine. 

* 

32. A person descending and ascending the drawing pit 
shall do so in a oovered cage and without corf, and under the 
direction of the banksman or the hanger-on. Any person 
disobeying their directions, or without authority giving a 
signal, may be fined or otherwise punished. 

23. No person shall go into any other part of the mine than 
wbere he works, except by an order of the imderground 
viewer or tbe deputy, or under the circumstances mentioned 
in Special Bule 24. 

24. A person discovering any stoppage or derangement of See pages 22, 28. 
the yentilation, injury to air crossings, regulators, doors, sheets, 

stopping^, brattices, or airpipes, finding any obstruction in an 
airoourse, weakness in the roof, deficiency of timber, a 
dangerous feeder or accumulation of gas or water, or observing 
wood or mineral on fire, or a naked Hght where safety lamps 
are ordered to be used, must immediately give notice to the 
men and boys in that part of the mine, and to the underground 
viewer or the deputy, so that speedy measures may be taken 
to remedy the evil. 

25. The miners must build good pack- walls, and set a suffi- See page 86. 
cient quantity of props and bars for safely supporting the 

roof; and add to them or renew them when necessary, or when 
told by the underground viewer or the deputy. 

26. The method of holing or baring the coal or other mineral See page 35. 
shall be ordered by the underground viewer or the deputy ; 

and the miners must set a short prop. or " aprag^^ aJt least every 
two yards, toprerent the undermined coal or mineral from 
falling unexpectedly. 

27. A person employed in strait work must not leave coal. See pages 22, 23. 
slack, or other mineral in or near to the face ; and must not 

leave a corf or other obstruction in the air current. 

28. A person passing through a door, or a sheet, must see See pages 22, 28. 
it closed again without delay ; and any person injuring a door g^ rem-rk at 
or a sheet, or leaving either open, breaking down a stopping, mle 21. 

or a brattice, interfering with a regulator, air crossing, or air- 
pipe, obstructing an aircourse, or (without authority) going 
beyond or removing a danger signal or a fireboard, may be 
fined or otherwise punished. 

29. When a person is ordered by the underground viewer See pages 22, 23. 
or the deputy to put out a naked light and use a safety lamp. See page 82» 

he shall immediately do so, and continue to use the lamp until 
be is ordered otherwise. 
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See pages 22, 23. 80. No person shall tiy the workings or the goaves for fire- 
See page 82. ^lamp with a staked light ; and no person shall smoke tohaooo, 
or take a naked light, match, or candle, where safety lamps 
are ordered to be nsed. 

See pages 22, 28. 31. No person shall pat a naked light in the goaf, or near 

to the roof, or behind the props ; bnt if it be necessary to 
shelter a light firom wind, a shade mnst be nsed. A person, 
when giving np work, shall not leaye his light burning in the 
mine. 

See pages 22, 28. 82. A safety lamp mnst be frequently noticed ; and, if it 
See page 82;alBO shows any appearance of firedamp, the person nsing it mnst 
about the air that carefrdly draw down the wick with the picker, cease working, 
thisplStoe. ^^^l^^o ^0 place, and immediately infonn the underground 

Tiewer or the deputy. 

See pages 22, 23. 88. A person wilfully kindh'Tig a feeder of gas, or n^li- 

See page 82. gently haying the gauze of his safety lamp full of fire, or 

See remark at unlocking or unscrewing the gauze, or blowing out the flame, 

rule 21. or lighting tobacco or other substance at the gauze, or 

damaging or improperly using the lamp, or leaving it in the 
works when he has ceased using it, may be fined or otherwise 
punished. 

See pages 22, 23. 34. When a safety lamp becomes unfit or unsafe for use, by 
See page Z2, 1^'^g oil spilled upon the gauze, or in any other way, the 
light must be put out by drawing down the wick, and the lamp 
taken to the lamp-keeper. 

See pages 22, 28. 85. No person shall ^' hlaai " coal or other mineral where 
See page 82. safety lamps are used, except by order of the underground 
Tiewer. 

36. No person shall take blasting powder into the mine in 
large quantities, or leave it exposed or in a dangerous manner, 
or use it carelessly. Powder must be enclosed in cartridges, 
or in a flask or horn ; and a " shot " that has missed fire must 
not he drilled out. 

87. Persons not authorised by the agent or the underground 
viewer are forbidden to ride on any underground road. 

This question only 38. Boys wider twelve years of age are niot to enter the mine 
safety ^but^*I ®^^P* ^^ *^® conditions mentioned in the Act 23 and 24 Vict., 
think no boy c. 151. A person evading this rule, or misrepresenting the 
^^^sho^dT^ric age, may be fined according to Act of Parliament, 
in a mine. 39^ Females are not to enter the mine, and no person unless 

employed at the mine shall go therein, or enter the engrine- 
house, or remain on the pit bank, without the permission of 
the agent or the underground viewer. 

40. No intoxicated person shall enter the mine, or remain in 
or about the premises. 
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41. The pits are to be ready to draw coal or other mineral 
at snch time as the agent or the undergronnd viewer may 
appoint. 

Etiffinemen, Banksmen^ and Hangers-on. 

4i2. A person under ike age of eighteen years jnnst not act as See pages B^ 37 
banksman or hanger-on, or have the charge of a drawing 
engine ; and persons who desire to learn the working of engines 
mnst first obtain the agent's consent. 

49$. 'Every morning, before the drawing engine is started, See page 36. 
the engineman shall see that the engine, boilers, machinery, 
drams, ropes, brakes, indicators, and signal apparatus in the 
engine-honse, are safe and in good working order. He shall 
then run the ropes and loaded cages twice up and douni the pit 
before any person descends or ascends. Persons are to descend 
in a covered cage and withont corf. 

44. The engineman shall not allow any person bnt himself See pege 86. 
to interfere with the drawing eng^e or machinery at any time, 
withont leave from the agent or tlie undergronnd viewer. The 
engineman must gently lifb the cage from the pit bottom, and 
carefully drive the engine at a slow speedy and remain at the 

handle and at the brake when a person is in the shaft. 
He must also pay particular attention to the indicator and 
signals ; and if he perceives anything wrong in the pit or the 
machinery, he must instantly stop the engine, and not proceed 
nntil the signal ** to go on** is given, or until the defect is put 
right. 

45. The engineman shall keep the drawing engine dean, See page 36. 
and examine and oil the machinery and engine, and attend to 

the ropes, drums, boilers, steam gauges, water gauges, safety 
valves, and feed pumps, with a view of keeping them in good 
and safe working condition ; and if he sees anything amiss he 
must immediately report it to the agent or to the underground 
vieweri so that it may be put right. He must clean the 
boilers at least once a month; and he shall not alter the weight 
on a safety valve without leave from the agent. He must see 
that the ropes are securely attached to the drum, and when 
either cage is at the bottom of the pit, there must niot be less 
than two rounds of rope upon the drum. 

46. The engineman must be at the drawing pit at such time See pages 36, 37. 
as the agent or the underground viewer may appoint, to let 

down the underground viewei* or the deputy. The underground 
viewer, deputy, and banksman must report to the agent every 
instance of neglect on the part of the engineman. 

47. When the drawing engine ceases working at night, or See pages 36, 37. 
at any other time, the cages and landing doors most be left so 
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as not to impede the ventilation. The engineman and banks- 
man are required to obey this mle. 

See pages 36, 37. ^» The walling and timbering of the pnmping pit, and the 

engine, boilers, pumping apparatus, stages, cradles, man-loops, 
ropes, chains, gin, and capstan, shall be examined at least twice 
a week by the pumping engineman, who must report without 
delay to the agent» or to the underground viewer, any defect 
or weakness that he may discover. The pumping engineman 
must clean the boilers at least once a mwUh, and he shall not 
alter the weight on a safety valve without leave from the 
agent. The engineman must put the fencing round the top of 
the pumping pit when operations shall have ceased or been 
suspended. 

Sec pages 36, 37. 4i9. There will be two bells or other aignah in every drawing 
It is adnsable to engine house ; one connected with the drum shaft, to denote 
pit top, actuated when the engineman must cut off the steam ; the other will be 
by the same im- connected with the drawing pit bottom ; and the hanger-on 
SJJln^ne.houi" ^^^the banksman shaU give the foUowing signals, which must 
so that the banks- also be carefully observed by the engineman : — 
man's attention 
be more particu- When the cage is to be raised from the pit 

eac^simal. ^ bottom, the hanger-on must strike the 

Bigpial •#• ••• ••• ... ••• Once. 

When a person is about to ascend Thbee Times. 

Fixed in the pit And the banksman must answer (before 
I*'^^* the person enters the cage) by striking 

the signal •• Twice. 

When the person is ready, the hanger-on 
must strike the signal ivhcn to go oii ... Twice. 

To stop the cag^, if in motion Once. 

To lower down the cage Twice. 

To raise up, after being stopped Four Times. 

See pages 36, 37. 60. There will also be a bell or otkci' signal iu every drawing 

pit porch, and connected with the pit-top ; and the banksman 
shall signal to the hanger-on as follows : — 

When a person wants to descend, and the 
hanger-on is to send up the empty cage^ 
the banksman must strike the signal ... Three Times. 

And the hanger»on must answer (before 
the person enters the cage) by striking 
the signal ••• ... ... ... ... Twice. 

See pages 36, 37. 51. The engineman, banksman, and hanger-on must use 

great caution and pay particular attention to the signals when 
a person descends or ascends the shaft ; and if they perceive 
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anything wrong, they must immediately try to rectify it. 
They must not permit a person to enter a cage after the signal 
'' to go on" is given. They mnst not allow a person to be 
lowered or raised without a sufficient cover overhead, or by a 
hinged or coupled rope. They mnst not let a person descend or 
ascend when an incline rope or chain is working in the shaft, 
unless snch rope or chain is '* boxed off." 

52. The banksman mnst be at the drawing shafl at snch See pages 36, 37. 
time as the agent or the underground viewer may appoint, and 

provide a sufBicient number of lights. Before the engine is 
started he must see that the pulleys, ropes, cages, chains, and 
landing doors or frames are in safe working condition. He 
shall not allow a person to descend or ascend the shaft until 
the ropes and loaded cages have been twice run up and * down ; 
and if any weakness or defect is found in anything belonging 
to the shaft, or in the engine, machinery, ropes, or tackle, he 
must not permit persons (except those employed to repair the 
damage) to descend or ascend until it is made secure. The 
banksman shall then signal to the engineman to let down the 
underground viewer or the deputy ; and ho must not allow 
any other person (except the deputies, hanger-on, fumaceman, 
and horsekeeper) to descend until it has been signalled from 
the bottom that the underground works have been exa/inined. 
Persons are to descend in a covered cage, and without corf. 

53. The banksman must not allow a boy (under the age See page 87. 
of twelve years) to enter the mine without an order from the 

agent. 

54. The banksman must not let a stranger go into the mine See page 37. 
without an order from the agent or the underground viewer ; 

he shall not allow an intoxicated person to descend ; he must 
not permit any one but himself to give signals at the pit top, 
or let inexperienced persons land the corves, or put them into 
the cages. He must listen at the pit top when a person is in 
the shaft, and instantly signal the engineman to stop the engine 
in case of alarm ; and he must remain at the pit top until all 
the men and boys are drawn out. 

55. The engineman, banksman, or hanger-on shall not let a See pages 86, 37. 
boy (under fifteen years old) go down or up the pit unless 
accompanied by a n&an ; and shall not permit more than three 

persons to descend or ascend at once in a single cage, nor more 
than six persons in a double cage, nor more than two persons 
in a cage where a gin is used. A person shall not descend 
when another is ascending, or the contrary; and shall not 
ascend or descend with or against a corf or a loaded cage ; and 
shall not take with him rails, props, tools, or other bulky ma- 
terials ; and shall not get into or out of the cage until it is at 
restt 
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See pages 86, 87. 50. The bank8man must frequently look at the pit pulleys, 

ropes, chains, cagee, and landing apparatus during working 
hours ; and, on observing any defect or weakness, he must 
immediately inform the agent or the underground viewer, so 
that it may soon be repaired. The banksman must see that 
wire ropes are coated with oil or grease ; and whenever a rope 
requires "hinging,** "capping," or "coupling," it must be 
done by a fitter, smith, or other competent person. 

Drop gmte will 57. The banksman must cause the pulleys and rollers to be 
ensure the top of QJjed daily, and see that materials on the pit bank are placed 
alwayT^^^ing safelji conveniently, and in order. He must also put the 
fenced. See psiges fencing round the top of the drawing pit when operations shall 
^* ^ ' • have ceased or been suspended. 

See page 87. 58. If a person receives an injury in or about the mine, the 
banksman must send instantly for a surgeon, or send the 
injured person to the infirmary. 

See page 87. 59. The head banksman shall have the control of the draw- 
ing pit top, and of the assistant banksman (subject to the 
agent), and he must report to the agent any disobedience on 
the part of the miners or others. 

See page 87. 60. The hanger*on shall have the control of the drawing pit 
porch (subject to the underground viewer). He must be at 
the pit at such time as the agent or the underground viewer 
may appoint, and go down before the miners. He must be in 
the porch and attend carefully to his duty when a person 
descends or ascends the shaft, and remain there to see all the 
men and boys safely into the cage and up the pit at the close 
of the day. He must himself give the signals and also obey 
Special Rules 49, 50, 51, 55, 61, and 62. 

See page 87. 61* The hanger-on must see that persons ascend the shaft 
in a covered cage and without corf. He must report to the 
underground viewer every person that gives a sig^nal or dis- 
obeys his directions ; he must remain at the signal when a 
person ascends or descends ; he must not allow inexperienced 
persons to put corves into or take them out of the cages ; and 
he must see that coals, or other minerals or materials, do not 
project over the cage. 

See page 87. I 62. Wherever there is a sump at the bottom of a drawing 

think the mim- shaflb, the sump must be securely covered with a scafibld ; and 
mum strength of . ' ., i . , . - ,, ., «. ,, . , 

this coyer might when the water is drawn out of the samp, the scaffold must be 

well be mentioned replaced immediately by the hanger-on, who must see that the 

eump is always covered when the mine is at work, or when a 
person ascends or descends the shaft. 

Fuma4:enien, Lainpheepers, a/nd Doorkeepers, 
63* The ventilating furnaces^ or other ventilating apparatits, 
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must be attended to constantlj both day and nigbt ; the fnr- 
naoemen must change at the furnace or other ventilating 
apparatus ; and, in case of sickness or nnavoidable absence, 
they mnst give early and sufficient notice to the underground 
viewer, so that a substitute may be provided. 

64. The fumacemen must constantly keep clean brisk fires ; 
the fires must not be smothered with fuel ; ashes are not to 
accumulate upon or under the bars, but when cold they must 
be removed ; the passages about the furnace are to be kept 
clear and in good order by the fumacemen, who must obey the 
directions of the underground viewer. 

65. A lampkeeper must not allow a safety lamp to be used See page 82. 
that has fewer than twenty-eight parallel wires in an inch, or 

which is not furnished with a lock and wire picker. 

66. The lampkeeper must see that each safety lamp, when Se^ p«ge 82; bIjo 
given out for use, is in good working order, clean, well trimmed, P«go«22,28,«bQUt 
securely locked^ and in proper repair ; and that each Davy lamp safety lamp. 

is protected by a shield. 

67. The lampkeeper must inform the agent or the under- See page 82. 
ground viewer whenever he finds that a safety lamp has been 
wilfully or negligently damaged, or carelessly or ignorantly 

used. 

68. A doorkeeper must open his door only when a corf or a See page 81. 
X>erson approaches, and instantly close it when the corf or the 

person has passed through. He must never allow the door to 
remain open or to be propped or fastened back unless told to 
do so by the underground viewer or the deputy. 

69. A doorkeeper must not leave his door until the day's See page 81. 
work or night's work is finished, or until another person is 
appointed (by the underground viewer or the deputy) to take 

care of the door. 

Enginemen^ Brakesmen^ IncUneinen, and Train Boy$ on Engine 

PUmea and Self -acting Inclines. 

70. The engineman must diligently and carefully attend to 
the working of the engine and machinery. He must examine 
the engine, boilers, drums, ropes, chains, shackles, iind other 
apparatus every morning before commencing work, and at 
least twice during the day ; and, if he find any weakness or 
defect, or apprehend any danger, he must immediately inform 
the agent or the underground viewer. The engineman must 
clean the boilers cU least once a month ; and he shall not alfcer 
the weight on a safety valve without leave from the agent. 

71. The brakesman must be cautious in conducting the 
roUeys or the wagons ; and the inclineman must see tiiat the 
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wheels are Bonnd, the axles greased, and tiie ohaias securely 
conpled. 

72. No person shall ride on the rollejs or the wagons 
without the consent of the agent or the underground yiewer. 
The brakesman and inclineman must see that this rule is 
obeyed. 

73. On all underground self-acting inclines and engine planes 
on which persons travel there will be provided some proper 
means of sig^nalling between the stopping places and the ends 
of such inclines or planes ; and the following signals must be 
given by the trainboy or other person appointed by the under- 
ground viewer : — 

When the train is to be drawn up, the signal 
is to be struck ... Thses times. 

When the train is to be lowered down ... Twice. 

When the train is to be stopped Once. 

74. The underground engineman, brakesman, inclineman, 
and trainboy must, at all times, pay strict attention to these 
signals, and to any deviation from the regular course of the 
train or the machinery ; and if they perceive anything wrong 
they mtut immediately try to stop the train and the machinery 
until the defect is put right. 

75. The trainboy (or other person appointed by the under- 
ground viewer) must fix a " bacJcstay** or " drag*^ behind every 
train going up the engine plane. 

Concluding Special Rules. 

76. No person in a place of trust shall absent himself from 
duty or appoint another person to do his work without the 
sanction of the agent or the underground viewer. 

77. Wages are to be paid in money at the^ "pay offke*^ of the 
mine. 

78. The agent, underground viewer, deputies, and other 
officers are particularly enjoined to comply with and to enforce 
the rules. 



Special Itailea for Sinking Pits at the [^ ] 

Colliery. 

1. The agent and the engine wright will direct and be 
responsible for the proper and safe, ventilation and management 
of the sinking operations, and for the proper and safe construc- 
tion and repair of the engines, boilers, capstans, gins, machinery, 
pumps, drifts, and pits. 
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Enginevnright, 

2. The enginewright mnsfc see that a proper set of distinct 
signals, to be strictly observed by the enginemen, banksmen, 
and sinkers, are painted on a board and placed in the engine* 
hoose and at the top of each sinking pit. 

8. The sinking tnbs, water tubs, ropes, chains, pulleys, 
bolts^ shackles, and hooks, are to be examined daily by the 
enginewright ; and if found defective, he must see that they 
are immediately made secure, 

4. The engines, gins, capstans, machinery and boilers, and 
all parts connected therewith, are to be examined daily by the 
enginewright ; he must also daily observe the fastening of the 
ropes to the drums ; and whatever is wrong or unsafe in any 
of the before-mentioned machines or implements or arrange- 
ments he must immediately rectify, or stop the whole work. 

5. The enginewright must see that the boilers are well 
oleaned at least once in every three weeks, 

Enginemen and Stokers, 

6. The engineman must not allow any one but himself to 
work the engine, except when ordered by the agent or the 
enginewright. 

7. The engineman shall not move the engine, except by an 
order or a signal from the banksman ; nor shall he leave the 
handles or the brake whilst the engine is in motion ; and no 
other person shall touch the handles or the brake, unless 
authorised by the agent or the enginewright. 

8. When the ropes are properly adjusted, the engineman 
must run them twice up and down the shaft with a loaded tub, 
before any person descends or ascends. 

9. The engineman must steady the rope before the tub or 
load leaves the top or bottom of the shaft. 

10. The engineman must lower and raise persons and 
materials in the sinking pit with the greatest possible caution. 

11. The stoker must act carefully under the control of the 
engineman (subject to the agent and the enginewright). 

12. The stoker and the engineman must see that the boiler- 
feed is so regulated as to maintain a sufficient supply of water 
in the boilers. 

13. The steam gauges, water gauges, and safety valves are xj^^ engineman 
to be particularly attended to by each stoker and engineman must not leave 
during their shifts, and are not to be interfered with by any ^* engine whikt 
other person, without the authority of the agent or the engine- shaft, 
wright. 



1^ vn. hbbxoh's pbiss bssats. 

Ba/nksmen, 

14 The haTikflmftn most not leayethe pit top while men are 
in the shaft. 

15. The banksman shall give a distinct signal to the sinken 
in the shaft when the descending tnb is six yards from the 
bottom; and he shall also give a signal to the eng^eman 
regularly and properly. 

16. He shall secorely tie to the tnb-bow all sinking tools or 
other gear, and shall safely sling timber or other bnlky 
artioles. 

1 7. He mnsfc always fiusten the bridge over the pit top before 
landing the tnbs or materials ; and when sending bricks or 
building materials down the pit, he mnst load them below the 
top of the tnb. 

18. The banksman must also put the fencing iround the top 
of the pits when operations shall hare ceased or been sus- 
pended. 

Ohargemeti and Sinkers, 

19. One man in each shift will have the entire charge of the 
pit bottom (subject to the agent). This person, called the 
chargeman, must carefully examine the sides of the pit at the 
beginning of every shift, and remove all loose pieces ; he must 
also, after the work has been standing or the men have been 
out of the bottom, examine the ventilation and other arrange- 
ments for safety, as directed by the agent. 

20. The chargeman must see that the tubs are properly 
loaded and steadied, and that the outside of them is free from 
stone or clay, before sending them up the pit : he shall also 
see that tools and other gear are securely tied to the tub-bow 
before they are sent up. 

21. Not more than four persons at once shall descend or 
ascend the sinking pit. 

It would be better 22. The sinkers must not ride in the shaft with or against 
^f ^^ *^^ ^^*^ * loaded tub. They must ram shots with stuff that will not 
made of brass or strike fire with the rammer ; and shots which miss fire must 
copper. not be drilled out. The sinkers must load the tub (when 

sending material up the shaft) below the top of the tub ; and 
they must wall or line the shaft sides at such times and in 
such manner as the agent shall dii*ect. 

23. If a shot has missed fire, the sinkers must not go back 
to it for at least two hours after they have come " to hank" 

24. Every person in or about the sinking pit and premises 
must obey the orders of the agent and the enginewright. 
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ON THE PREVENTION OF ACCIDENTS IN 

COAL MINES. 

In this' essay I will treat on the yarious causes of accidents to which miners 
are subject, nnder the following heads, yiz : 
I. — Loose Discipliwb. 

n. — ^ExPLOSIONS OF FiBEDAHP OB Bl-HTDUBET OF CaSBOK. 

ni. — Suffocation pbom the Effects op Oases unfit for the Support 

OF LiFB. 

rv. — ^Inundations or Flooding op WoBioNas by a Sudden Influx of 
Wateb. 
V. — ^Falls of Coal ob Boof. 
VI. — Accidents in Shafts. 

I.— LOOSE DISCIPLnSTB. 

This is so nniFcrsal, and snch a fertile canse of accidents, as to take my 
first attention, for whilst discipline is neglected accidents from all causes will 
oocnr, no matter what other precantions are taken. It proceeds from Yarions 
causes, which I will enumerate thus : — 

(a.) a manager who does not thoroughly understand the working of a 
colliery, and who will have no competent mining engineer or other person to 
take charge of the workings. 

(b.) a manager, or engineer, or other person thoroughly understanding 
the workings of a colliery, and giving the most proper orders, but not seeing 
that they are duly carried out. 

(c.) Shortness of capital, which I may divide thus : — 
(c'.) Those who have not got the money. 

(c*.) Those who, having plenty of money, will not be induced to 
spend more than is absolutely necessary to get the maximum 
quantity of coal, and who sacrifice safety by attempting to barely 
clear themselves from censure in case of accident. 

(d.) The practice of giving colliers wages according to their tonnage, 
without some constant supervision, which practically causes the defect 
mentioned under head (c^), placing time for money. 

Bemedies must be applied to all these causes, as follows : To remedy cause 
(a) a competent manager must be supplied ; but under head (b) it appears 
that a manager must possess mora than mere knowledge, for he must also 
have firmness and energy; and under head (c) it appears that, let the 
manager combine both knowledge and energy, they are of no avail without 
capital ; therefore I am inclined to think that the person engaged in the 
commercial department should not take charge of the colliery department, 
because if he does safety is likely to be sacrificed, in order that he may show 
a good balance sheet. 

A man may have a good knowledge of mining, but, at the same time have 
no energy or firmness, and so not be fit to see his orders carried out, there- 

B 



18 



XB. RBBMOK'8 PBUSB B88ATS. 



fore an examination of manager cannot ensure competent management, and I 
am of opinion that if the remedy for canae (d), to be next described, be carried 
out, the inspector will be able to judge as to the management, and act 
accordingly. 

Remedy for canse (d). Anyone acquainted with the character of colliers 
would not for a moment entertain the idea of employing them by the day, 
and even if that system were adopted the remedy would only be partial, 
owing to the ignorance and slothfulness of some men of that class. I should 
advocate the organisation of a competent staff of overlookers, say one for 
every ten or twenty men employed in getting coal (the number to be varied 
according as the colliery is more or less dangerous), from whom no work 
would be required during the working hours of the men whom they overlook, 
except seeing that the rules and by-laws of the colliery, and the orders of the 
manager or engineer, were carried out to the letter by the men under their 
charge ; and I would make such overlookers remain with the men during the 
working hours, and be responsible for their safety. Every short period (say, 
once a week) each overlooker should meet the manager, or person duly 
authorised by him, at the colliery office, and give his report, which must be 
entered in a book, laid out in tabular forms, and kept there for that purpose. 
Perhaps the following form may convey a better idea of my meaning. The 
rules of the colliery should be read over to the overlookers, deputies, and fire« 
triers once every month, and explained if necessary. 



Dat£ OS* Bbpobt. 

Period over which the report extends, &om 

Name and address of overlooker. 

Portion of mine overlooked. 

Number of men and boys under charge of ov 



to 



Questions. 



1. — Has any gas been found in your 

portion of the mine P 

2. — Has the roof been on the weight ? 

3. — Are locked safety lamps used ? ... 

4. — Have you been well supplied ¥dth 

Props? 

pVT^ 

Lidsr 

Brattice? 

5. — If you have any complaint to make 
against any man, or men, state it 
in the remarks ; also the name or 
names of the offending person or 
persons » 







•c 

9 



6S^ 



1^ 



& 



^ 
S* 
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Tliis form might eafiilj hare a better one snbstitated, but if it has con- 
vejed mj meaning it will have answered my purpose. 

The quantities of air in the main intake and return, and also in each split, 
should be entered along with these reports, which must be open to the 
Inspector at any time, who will then be able to judge as to the fitness of the 
management. 

The overlookers (if more than one) must not overlook the same lot of men 
between each report ; thus, for example, if there are ten overlookers, every 
eleventh report would be on the same lot of men by the same overlookers ; 
this, I think, will prevent overlookers becoming negligent, as they wiU then 
check one another. 

Separate copies of the reports of each overlooker should be fixed to the head 
gear of the colliery or other suitable place, adjacent to which the report refers, 
to enable all the men and boys to see exactly the state of the pit ; and a 
time should be fixed when they may make complaints against any false 
report, and can see that the necessary alteration is made, after which each 
overlooker must keep his own report, so as to check the colliery report book 
in case of need. There should be a special rule made for these overlookers. 
The questions in the tabular form must refer to everything which might 
cause an accident in a coal mine; thus, amongst other instances in the 
tabular form already drawn up, there is no mention made of danger from 
blasting powder, and, doubtless, there are many other omissions, to prevent 
which an approved form should be printed for all collieries, and every question 
should have an answer affixed to it. 

These overlookers* are not at all intended to take the place of the under- 
ground viewer (or the fire- triers and deputies* as now required), who will 
have the same authority over everyone in the workings as at present, and I 
reconmiend that he should have a diary kept in a cabin underground, in 
which the fire-triers and deputies must enter daily reports, so that he may at 
once go to any particular place requiring his attention. 

Collieries should be surveyed and plotted on a plan kept for that purpose 
once every half-year, and the plan should not be considered complete until 
the correct courses of the air, or ventilating currents, and all doors, stoppings, 
and slits, are marked thereon. 

If the number of qualified persons necessary to enforce discipline be 
insufficient, then discipline will no longer exist. Her Majesty's Inspectors of 
Mines are not, in my opinion, sufficiently numerous, and I think there should 
be one inspector for about every 100 collieries : this would ensure every 
colliery a visit from the inspector of that district twice a year. 

I think that in case of the inspector, and manager, or engineer, &c., dis- 
agreeing about any matter considered needful for the safety of the miners — 
of course, excepting a breach of the rules — such disagreement should be 
decided by reference. 

The inspector's sanction in writing on the plans should be obtained in 
respect of all permanent new arrangements connected with the safety of the 

* Perhaps the word *' deputies " would be better than ** overlookers," and if preferred can be 
read as such ; but as it avoids confusing the deputies as now required with those now suggebted, 
I |vrefer the word as written. 
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znmerBy and not aotnally mentioned in the mles, and no sncli arrangement 
shoold be altered without the inspector's sanction ; this wonld prevent many 
great blunders which are now being oontinnallj committed. 



II.— EXPLOSIONS OF FIREDAMP OR CARBURETTED 

HYDROGEN GAS. 

Before seeking the remedy, I will endeavour to examine into all cases (if 
possible) leading to explosions of this gas. The different natural agents 
tending to change the air in a mine — otherwise good — ^into an explosive mix- 
ture, I will distinguish thus : — 

(a.) Sudden outburais of gcu, 

(b.) Oraducd filtration of gas into '^ wastes" or other excavated portions of 
the mine. 

(A.) Sxidden oufburats of gas. There appears to be a portion of gas in the 
mineral kingdom which is retained only under great pressure ; now, if this 
be so, how will extracting a stratum — say, a seam of coal — ^affect this gas ? 
The following sketch will render my explanation intelhgible : — 

Assumed Section of a Coal Field, 



Surface of the earth, called (a) 
Coal stratum, called (b) 

Goal stratum, called (c) 

Coal stratum, called (d) 'Skk 

Any impermeable stratum, called (b) '^A ' 

Coal stratum, called (f) ^^^ 




6, 0, D, F, represent coal, or any other strata liable to give off explosive gas 
on a reduction of pressure. Say that d is the coal being wrought, the result 
of extracting which is that the pressure on strata c and f is greatly reduced, 
or the pressure necessary to retain the portion of gas — ^before alluded to — in 
the coal of either seam, is now represented by the resistance offered to it by 
the strata between c D and d f respectively, and not, as heretofore, by that 
between c a and f a respectively. The seam b may, or may not, be affected 
by the extraction of D. 

From this theory, outbursts of gas are explained as follows : — The seam D 
being wrought, the pressure necessary to retain all the gas hitherto existing 
in seams c and F is reduced, and the liberated gas wiU find its way, against 



m. imntBD cBBnncz*8 bsbat. 21 

the least mistaiice, in tlue case, towards d. I will take first the gas issoiiig 
firom c ; all the cracks and interstices above d are, if the gas be snfficiently 
plentifiil, filled with it, the roof of a mins being always in a more or less 
shattered condition. 
The fallowing sketch will, perhaps, give a better idea of my meaning : — 

Atgvmed Seefioit of a Mint;. 




D, D, represent the wronght portions of the seam of coaL a, g, represent the 
cracks and interstices. 

If this gaa were regularly ^ren off into the wrought portion of theeeamD, 
the loes of life by esplosions, &om its ^fnition, oonld etisily be remedied by 
ventilation ; hnt it asanmee, suddenly, a very dangeroua aspeot when the roof 
of the mine settles, or, technically, " weights," ft? the interstices, in which 
the gas is stared, are compressed, and it is forced in a body into d ; a f^l of 
the atmospheric pressnro will also cause this gee to be given off in iDCreosed 
qnantities ; besides this, a portion of the gas made &om the seam b will also 
take refnge in the roof, and this, without the aid of the gas from c, will be 
daogerons when the roof " weighta" or the barometer " fklls." 

I will now take the gas liberated from P, which will force its way against 
the least resistance nntil it reaches an imp^meable stratum (if such exist) 
between Fand d (called b) of sufficient strength to resist the pressnre of the 
gaa in it« then attenuated form, under this stratum it will remain until tme 
of the following events happen : — 

(a'.) The atmospheric pressure is reduced. 

(b'.) In the connie of working the stratum d, the mine extends over a 
place, perhaps it may be a " slip," in the retaining stratum (e) too weak to 
hold down the gas, and the result b on outburst. 

(</.) As the workings in o extend, the boondaries of the solid coal become 
further and farther apart nntil, as in the case <rf a bridge, the same section 
of girder will not sustain the same weight as the length or span of the 
bridge is increased, so the stratum (s) will not have strength to resist the 
same pressure as when the boundaries of the solid coal were nearer togetiber, 
though, doubtless, in the case of e, there will certainly be intermediate sup- 
ports as the roof of n settles, and these may, to a certain extent, oonnt^ 
balance the danger irom this canse. 

(d'.) a time will arrive when the settlement of the roof will take place ) 
this will canee a pressure on the floor of d at different places, and again com> 
press the strata (natundly to some degree pnffed up by the llbemted pM frcMn 
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f) below, through wUch the gas has percolated, and now exists in a firee 
state ; thus the gas is forced to occupy less space, and, consequently, must 
eacert a greater pressure ; and if the stratum B, with its superincumbent 
weight between b and d, be not strong enough to resist this pressure, an ouU 
burst of gas is the result. 

(b.) Gradual filtration of gas into " wastes" or other excavated portions of 
the mine. The gas may come from the coal being wrought or otherwise, and 
graduaUy fill the "breaJcs or cracks in the roof, and the old workings (or, 
perhaps, the workings in use), until by a &11 of the roof, or a '* weight," or 
a reduction of the atmospheric pressure, or derangement of existing ventila- 
tion, it altogether overpowers the ventilation, so that the air in the mine is 
charged with fire-damp to the firing points. The ignition of these explosive 
mixtures is produced by the introduction of fire (unprotected by safety-wire 
gause) into the workings by either of the following means : — 

(a.) By human aid, such as lighted candles, matches, blasting powder, 
defective safety-lamps, &c., and, perhaps, in some cases, by sparks rapidly 
produced from a pick, or metal tool, striking against a hard substance. 

(b.) By spontaneous combustion of substances met with in mines, and an 
explosion is the result. 

I will now treat on the prevention of explosions. Doubtless the primary 
reason of all explosions of fire-damp in colliery workings is because there is 
not sufficient air to render it hannless (there will be no explosion unless the 
oarburetted hydrogen equals one-fourteenth the volume of air) ; the question 
arises, is it not possible to supply this want of air in all cases P If the roof 
and floor />f all mines were perfectly smooth and regular, and could be so 
maintained, I should say it was possible to produce such a ventilation as 
would render all explosions impossible, for then the only gas to be dealt with 
would be that regularly issuing from the seam of coal being worked, 
increasing only with the extension of the working faces and a '* fall" of the 
barometer, but no such roof and floor are ever to be found, and the liability 
of either to break renders the ventilation of coal workings, especially deep 
ones, so subject to outbursts of gas frt>m roof and floor as to make me despair 
of ever getting sufficient atmospheric air through the galleries of mines 
to mix with and dilute the firedamp given off in these outbursts, not even if 
the air travelled at a fabulous rate, for the liberated gas and the ventilating 
air will both travel at the same speed, for they will both be influenced by 
one motive power. There are even some cases where the gas is given off in 
such volume as, for a time, to prevent any atmospheric air frt>m going into 
the nunc, because the partial vacuum at the upcast shaft (necessaiy to 
produce circulation of air through the mine) is supplied by the outbursting 
gas. 

Seeing that ventilation alone cannot prevent outbursting gas from charg- 
ing the air in the mine ¥rith firedamp to the firing point, the remedy must 
be looked for elsewhere ; and I think the following suggestions, if carried 
out, would be effective.' To prevent accidents from the gas in the roof, the 
overlookers, in addition to the fire triers, &o,^ as specified in the Special Rules 
(a printed copy of which, as used at the Sharlstou Coal Company's ooUieiies, 
is annexed to the essay) Nos. 7, 9, 10, 11, 12, 18, H 15, 16, 17, 19, 20, 2i, 
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27, 28, 29, 30, 31, 32, 33, 34, 35, shonld constantly examine the breaks in the 
roof witln^ safeiy lamp, and after the first appearance of gas no naked light 
mnst ever be permitted in the air which has passed over the place where the 
gas has been seen, but locked safety lamps most be used. I should recom- 
mend those known as " Stephenson's" lamps (the light being put out on the 
lamps being nnscrewed) as being the safest. Moreover, gas having once 
made its appearance in the roof, if a weight comes on, the men oyer whom 
gas from this place most pass shonld leave the pit whether safety lamps are 
nsed or not. The barometer shonld be observed every morning, and the 
overlookers made acquainted with the relative pressures. As colliery work- 
ings get deeper they will be more liable to outbursts from the floor, owing to 
the gas having been retained under greater pressure. 

The gas under the floor (already mentioned) is the most serious enemy to 
contend against, so many causes of every-day occurrence tend to liberate it 
suddenly ; and as it has been retained under pressure, it generally (when 
liberated) completely masters the ventilation. The only plan of effectually 
dealing with it is to keep it under control by liberating or tapping it ; this 
would, no doubt, prove to be very expensive, and might be done either by 
making deep boreholes in the floor of seam d (but, in this case, the gas would 
find its way into the workings, which is very objectionable), or else, and, in 
my opinion, much the better plan, by sinking the shafts below seam d a 
suitable distance — say 10 yards — and driving galleries in a coal stratum, if 
possible, under the seam d ; these being pushed on vigorously, and the whole 
of the coal seam d (to be worked) undermined by the galleries which are 
connected with the upcast shaft, they would act as drains for the pent-up gas, 
which might otherwise burst through the floor of D. 

It would seem from the foregoing remarks, that when an under bed or 
stratum has been wrought, the liability to outbursts of gas from the floor of 
upper workings, provided the line of least resistance is not in the direction of 
the upper workings (see p. 20), is greatly reduced, if not altogether prevented ; 
from this it may be inferred that large outbursts of gas only take place in the 
lowest seam being worked, and that those seams lying about will be free from 
outbursts, provided the gas in the lower seam has free vent. 

The gas gradually filtering into the '* wastes " or other excavated portions 
of the mine must, and can, be removed by ventilation as it enters the 
workings, and it is highly important that the best ventilating apparatus is 
used, so as to produce the largest volume of air through the mine to over- 
come the resistance offered to it by friction and other causes. 

It may be well to suggest here a plan of periodically clearing (to a certain 
extent) the workings of a mine from gas — stop up the intake airway and 
cause the ventilating apparatus (not ventilating furnace) to continue working, 
and so exhaust air and gas from the mine ; much damage to the roof, ^., 
may or may not result from this mode of procedure. I do not pretend to 
recommend this plan, never having seen or heard of it before, but merely 
mention it here to be taken for what it is worth. 

YentUation may be produced either by cooling the downcast air, or heating 
the upcast, or both ; or it may be produced by mechanical contrivances, pro* 
ducing a partial vacuum at the upcast, or by forcing air into the downcast* 
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I do not oonaider that in this eaaaj it is requisite to enter into the theoiiea 
and merits or demeritB of all the means of prodndng Traitilation,*bnt will 
take it oa an established fact that the greateet effectiTe or nsefol power, pro- 
dndng the most r^olar onrrent of air, is obtained bj exhausting it &om, 
instead of forcing it into, the workings, and, UiCTefore, the cooling (generally 
water) and forcing maohines should not be osed as the only motiTe powers 
for prodocing ventilation, bnt the; may be nsed as auxiliaries to ezhansters 
in some cases. 

The liimace for prodaoing rentilation, as arranged at present in BkUfaUy 
managed fiery mJaeB,is fixed aboat serenty yards &om the bottom of the npoaet 
ehafl (in the same plane as the coal stratnm) ; the heat, smoke, and prodacts 
of combustion, are conducted to the shaft by a drift inclined at aboat one in 
three, so that it enters the shaft about twenty-three yards above the ooal 
Btratiun ; this furnace is supplied with air direct from the downcast shaft, 
which is, conseqnently, &ee from an explosive mixtu% ; the return air or 
that which passes throngh the mine, enters the upcast shaft on a level with 
the ooal, so that it does not oome in contact with the flame from the fnmace. 
Proper precautions are taken to guard against the seam of ooal taking fire at 
thefrimaoe. 

The ian beet adapted for exhausting air from a mine seems, frvm experi- 
ments, to be that invented by M. Guibal. It consists of a number of blades 
about 15 ft. long, and about 8 or 10 ft. wide, fixed on a shaft by means of 
stmts and ties, which occupy about one-half the length of each blade, which 
half is purposely left open (or unlagged) for the air to enter ^e fiin chamber 
—the other hal^ or the blade proper, is covered (or lagged) and ^ves motion 
(oentrifiigal) to the air. The following sketch will illustrate this fan much 
better than my imperfect description : — 




It is found to produce a greater ventilation, with a less consumptaon of 
ooal than any other apparatus, and from its simplicity of ooostruotion is not 
liable to get out of <»cder. 

Perhaps a Urn pages devoted to the theoty of famaoe ventilation, and a 
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oompariBOD between fan and fnmace will not be oat of place here. The fol- 
lowing diagrams are neoasaaiy to &s the idea : — 




V«. 



In both diagrams o rttpreeenta £he downcast and ir &6 npoast Aa&B, nnder 
different ctrcnuiBtancee. 

The prooess of fbmaoe ventilation is this : — A fnmaoe is placed at Uie 
bottom of D, and the air heated, which canses it to expand at a known ratio 
(l-480th part of the volume oconpied at 32 d^. Fahrenheit, for ench Bddi> 
tional degree of heat on that scale) its weight, per nnit of moamtre, decreases t 
consequently, the column of air in d produces motion towards n. The 
motive power doe to the fnmace is calculated thus : — The top of c is the 
datum, which maj be defined as being an imaginary circle, concentric with 
the earth, and the preesnre of the atmosphere at this datum over both u and 
D is considered as equal, becanse the shafts are never so far apart as to allow 
of mucb, if any, difference ; from the ftimace, generally the bottom of 0, 
another imaginary drcle is drawn parallel with the datum, and the difference 
of weight, or vertical pressure of the air in u, as against the weight between 
the two imaginary lines at d, represents the motive pressure due to the 
fiiniace. 

In diagram "So. 1, the air in n has a vertical column acting agaiust it 
altogether at a higher elevation than the top of d, and as air naturally gets 
wanner than the external air as it proceeds throngh a mine, the gallery con- 
necting V and D will act as an assisting upcast against the real dowuCBBt 
shaft D, consequently, all other things being equal, more ventilation will be 
produced through workings on the dip of the shafts than on the rise. 

In diagram No. 2, the air in n has a vertical column acting against it 
altt^ether below d ; in a case of this sort, the gallery would contain that 
vertical column of air, and d would only retard ventilation by adding to 
friction, and the air in the gallery would not be so use^ in promoting 
ventilation as if it were external ur, owing to its greater heat. 

The following are particulars of observations made at an existing colliery 
ventilated by a fomace, and I will compare these actual results with wh<^ 
would be given by theory. Both v and d are 480 ft. deep and 12 ft. in 



26 n. &1BX0K*8 PBCES SSflATB. 

diameter. Average heat of air in npcast, 125 degs. Faihr.; in downcaBt^ 
61 degs: Fahr. ; Tolnme of air passing through the mine, 103,825 cubic feet 
per minnfce ; water gange between the bottom of u and d, 0*62 in. The 
difference of pressure of the air at the bottom of the two shafts is equal to a 
oolnmn of water represented bj 0*62 in. 
TheoretioaJly,! should find the yolumeof air passing through the mine thus: — 

Weight per cube foot in u = '06796 lbs. 

Weight per cube foot in d = '07646 lbs. 

Each of these weights, multiplied hy the distance between the imaginary 
lines gives the respective pressures in pounds per square foot, thus d = 36'70, 
u = 32*62, and the difference is the motive pressure per square foot, or 
4*080 lbs. ; this is equal to a colunm of air, at 60 d^;8., of about 53*6 ft., and 
treating this as a vacuum, I find that the velocity the air would attain, if no 
resistance had to be encountered, to be given, thus : — 

8 ^53^5"= 8 X 7*321 = 68*67 ft. per second. 

This in an upcast shaft of 12 ft. diameter would represent 397,104 cubic feet 
per minute. The actual resistance encountered by the air in the mine was 
shown on the water gauge to be '62 inch, or 3*22 lbs. per square foot. The 
actual pressure of 4*080 lbs. per square foot is, therefore, disposed of^ thus : — 

To overcome resistance in mine 4*220 lbs. per square foot. 

Ditto, ditto, inuandn *684 „ „ 

Producing motion of air '276 „ „ 

Total 5080 

Take the same colliery, the same course of ventilation, and the same amount^ 
It is evident that whatever are the means used to exhaust the air the same 
resistance to the bottom of the upcast will ensue, and in the case of a fan 
being the motive power, the friction in the shafts — ^if they have an area equal 
to the mean area of the airway — will be in the same proportion as their 
lengths are to the lengths of the airways. I will assume the airways to be 
nine times the length of the shafts ; if so, the resistance in the shafts will be 
0*322 lbs. per square foot of sectional area of shafts, and the total pressure 
required will be as under :^ 

To overcome resistance in mine 3*220 lbs. per square foot. . 

Ditto, ditto inuandn *322 „ „ 

Ditto, producing motion of air '276 „ „ 

Total 3-818 

The pressure necessary to overcome resistance in u and d is shown to be less 
when ventilation is produced with f&n than with furnace. The assimiption 
of the length of airways may add to or subtract from this difference, but in 
either case the resistance will be less with a fan than with a furnace as motive 
power, on account of the increased ezpsmsion and velocity of the products of 
combustion arising from the furnace. 

All upcast shafts should be free from falling water, and should have a 
larger available area for the passage of air than the downcasts, in proportion 
with the extra expansion of the air, so that it will travel at the (Same speed in 
all shafts. 
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Hbrse^poweTi giyen out by the fiimace, prodnciiig yentilatioii — 

4-08 X i^^T^ = 1277. 
33,000 

Horse-power, given ont by the fan, producing ventilation— 

The Guibal &n utilises about 65 per cent, of the indicated horse-power of 
the engine driving it ; therefore, in this case, the engine would exert 18*38 
horse-power, which would require about 140 lbs. of coal per hour, whereas 
the furnace consumed 372 lbs. per hour. 

An essay of this description is not the place to work out the reason of this 
great discrepancy of fuel consumed, but still 1 cannot leave the subject without 
expressing my conviction that it will be found to arise chiefly from the 
following two causes : — 

(a.) The large quantity of heat (in the air required to be heated for furnace 
ventilation) escaping from the top of the upcast when compared with the 
heat escaping from the chimney of the furnace required to produce steam, 
and from the steam used in the fan engine. 

(b.) Chemical combination produces heat ; decomposition takes place at 
the expense of heat ; a good furnace of a steam engine is so designed that 
more decomposed fuel chemically combines with oxygen than in a ventilating 
furnace. 

The resistance encountered in the mine by the ventilating current is Very 
great, and is, to an extent, preventible by paying due attention to the 
diagrams and explanations. Another manner of reducing this resistance is 
to make and maintain the airways as large as possible, for friction of air in 
mines increases with the rubbing surface, and as the square of the velocity 
at which it travels ; therefore, if the airways had twice the section, the 
resistance from friction would be slightly more than one-fourth for the same 
volume. It is also important that the air be distributed through the mine in 
different currents of requisite quantities, and each current, or ^* split," sent 
to ventilate a different portion, and then sent direct to the upcast shaft ; these 
splits have a double effect : — 

(a.) The resistance from friction is reduced, consequently more air can be 
got into the mine with the same motive power, because the same quantity of 
air can be carried through (say) ten airways at one-tenth the velocity 
required to cany it through one airway in the same space of time ; therefore, 
this shows the necessity of having large shafts, whilst the air travels in one 
stream. 

(b.) It prevents foul air polluting more than its own district, whereas, if 
the air travelled through the mine in one current, the whole of the mine 
would be polluted over which this fool air passed ; it also has an obvious 
effect in case of an obstruction occurring in any airway of the mine. 

Whilst coal workings are subject to outbursts of gas-^^nd I think all deep 
workings, at and below a depth of (say) 250 yards, are subject to them (unless 
remedies already described are applied) — ^it behoves us to seek means whereby 
not only the risk of an explosion may be reduced as much as possible^ but 
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iJso, in the event of an exploaion, means whereby the toeB of life may be 
reduced to the minimnm. 

Orcat forethonght nhoiild be czerdaed to have the ventilation of a pit 
dependent on as few doors and iheeta as possible ; but, where absolntely 
neodfnl, they shoold be self-acting ; and in important dtnations they ehonld 
be doubled. All slits requiring stc^pings should have them exceedingly well 
built, and of this form-— 



(Ml 



Or this would, perhaps, be preferable — 



\^\ 



Also the air cros sings shonld be exceedingly strong, and, when of brick or 
stone, shonld be boilt double, thos : — 




I have purposely shown the crossing to take place in and nnder the 8< 
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beoause a beiter foqndatioii oan thus be seoured ; but, of ooorse, if the under 
orossing oould not be kept free from water, it would then have to be plaoed 
over the seam ; it is quite evident that if pillars of coal at a A had been left in 
the seam, they would answer the purpose much better than the arohed 
stoppings. 

The object of having stoppings and air crossings built on the double arch 
system, is because they can then resist the blast from an explosion with much 
greater certainty than if a straight wall were merely supported by stowing ; 
but, in my opinion, it would be both cheaper and infinitely better if air 
crossings were made of iron cast in segment of a circle, and bxult together in 
position, for then one tube would be sufficient to resist a blast from either 
side ; no air crossing should be allowed which will not fulfil this condition. 

Air will travel the nearest way it can get from the downoast to the upcast 
shafts, and that should (even after an explosion) be (theoretically) through 
the district it is intended to ventilate ; therefore, it would be well to have the 
ventilation of a mine dependent on nothing which can be disarranged by an 
explosion. I may here state that when a fan is used as the motive power for 
producing ventilation, there should be a duplicate of all ito parts, both fan 
and engine, and the fan not in use should have its communication with the 
pit cut off, so that if an explosion occurred, and broke the working fan, the 
communication between the shaft and the other fan could be made at once ; 
there should, also^ always be kept at hand a duplicate pit cover. Upcast air 
should be conducted, so that, even on its reaching the surftoi^ there will be no 
chance of it comity in contact with fire. 

The laying out of workings for a new colliery is a most important opera* 
tion, and in this I think the engineer should consult the inspector — i, 6., the 
engineer should li^ on the plan of the properties to be wrought the mode in 
which he intends the workings to be arranged ; a copy of this, as agreed to 
by both engineer and inspector, should be sent to the latter, so that he will 
have it to refer to at any time, and the engineer must work to this plan ; of 
course, reasons may arise why the plan should be altered, but the inspector's 
sanction should be obtained (in writing) before any alterations are made. 
Inspectors should be satisfied that every colliery has the necessary amount 
of ventilation to render harmless noxious gases (see Qeneral and Special 
Rules, No. 1) ; and until he g^ves notice (in writing) to the coUiery manager 
that there is not sufficient ventilation it should be considered that, up to the 
time of that iwtice^ the inspector was satisfied with the ventilation, for the 
terms in the rules are necessarily vague. 

In future deep collieries there should only be two connections with the 
intake for each district — one to take the air to the end of the district farthest 
from the upcast, and the other to bring the coals, <&c., direct to the shaft — 
the drawing shaft should, if possible, always be a downcast, and only one 
connection with the return. No slits between intake and return air, with 
stoppings or doors in them (excepting where absolutely necessaiy) should be 
allowed. I think my meaning as to the general arrangements of the work- 
ings for a new colliery will be better understood by referring to the following 
plan and explanations. 



80 HB. HKBMOR'S PBIZX 8S8AT8. 

The Babjoined plan bIkiwb k collier; laid ont on tlte long-wall principle, 
and divided into four diatricta ;— 




All collieFy workings should be divided into districts, having no connec- 
tion with each other, except those mentioned in the previous paragraph. 
The mode of opemtions on the shafts reaching the coal shonld be something 
like the following, viz. — Drive a communication between d (the downcast) 
and U (the upcast} shafts, and fix a temporary door (or double doors) at No. 
1, then, by the aid of air pipes passing through this door, proceed to make 
the headings B, C, n, also E, f, a ; now remove the air-pipes, and place tem- 
porary doors, Nob. 2 and 3, also a. temporary regulating door, No. 4 ; con- 
tinoe driving headings, b, ii) both direcdons, leaving along the middle of 
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these headings pillars of coal (see dotted lines on plan) to answer the pur- 
poses of temporary ventilation more safely than brattices ; these pillars need 
not be more than two or three feet thick, and shonld be removed when the 
headings are completed ; f can also be driven in a similar manner^ the post 
to be taken ont when completed, but the tramway shonld be left in (or laid), 
BO that there may be no inducement at any time, when f may require clean- 
ing out, for a slit to be driven between the horse road b and the main intake 
F ; H, I, J must also be driven with pillars and air-pipes, for conducting ven- 
tilation, to be afterwards removed ; K, and the further extensions of B, may 
be driven in the usual way, with the aid of brattice and slits, l. 

Now the districts Nos. 1 and 2 are opened out, and the permanent double 
doors (shown thus X X ) must be fixed, and a boy must always attend on 
them (see Special Bules, Nos. 17, 68, and 69) ; there should also be fixed, 
and set back in the solid coal, two sets of duplicate doors (which should be 
kept open), so that in the event of an explosion taking place these doors may 
be out of the blast, and used immediately to replace the ordinary doors 
(shown thus X X ), which might be blown away. The pillars* shown by 
Uie dotted lines, and all temporary doors, &c., must now (if not already 
done) be removed, and distHcts Nos. 1 and 2 will be ready for opening out 
the banks. Two very strong stoppings, each built on the same plan as pre- 
viously shown, must be placed in the heading between the two shafts (t. e., 
between heads d and shaft u), having strong iron doors (so arranged as to 
act as scale doors) in them, opening different ways, and locked, the under- 
viewer and deputies only having keys. 

Thus, in the event of an explosion, the workings are so laid out that the 
blast and after-damp will not extend beyond the district in which it occurred; 
and, provided the duplicate doors are closed (if the others have been blown 
away), the ventilation must quickly sweep away all after-damp — ^which is 
mudi more &tal to life than the actual explosion, owing chiefly to the col- 
lieries having so many doors and stoppings, any of which being blown away 
would cause stagnation of ventilation in some portion of the workings — and 
fresh air and help speedily readh the scene of explosion. The men not 
actually disabled by the explosion would know which way to run in order to 
reach ^e fresh air more speedily, because there are no stoppings and doors 
to be swept away, for there would speedily be help at the shaft bottom to 
attend to the only doors required. 

I will now assume that districts Nos. 3 and 4 are required to be opened 
out. Another intake (m) must be driven, which can be done as follows :^ 
Having driven m a few yards, and made a slit in the temporary posts, place 
an air-pipe through the main doors (shown thus x x on the plan), which 
must extend a short distance along one of the heads of m, the end of which 
(head) must then be closed, the necessary circulation of air will be promoted 
through the air-pipe ; now continue driving m till J is reached, and a strong cast- 
iron air crossing must be fixed immediately, as previously described ; the head, 
x, can now continue till b' is reached, when the roads b' must be pushed on 

* In some collieries these pillars might be made thicker, and,- with adrantage, left as fixtures, 
in which case a fall of xoof taking place in one road the rentilation will not he entirely stopped. 



32 MB. HUfcxoir's nizi ibbats. 

in both direotions ; in the meantime, head h should be oontinned, with the 
aid of small pillars for ventilation, till the point n is reached. At the junction 
of H and b', another strong air crossing, similar to that at the junction of m 
and J, must be immediately erected (it is important that these ** oTeroasts" 
or air crossings be put in as soon as possible, after the meetings are effected, 
for if an explosion were to happen before they were erected the doors and 
other contrivances which would have to be used in their place, would pro- 
bably be blown down, and then the air would take the short way to the up- 
cast and leave the working districts without, and it would then be vain to 
attend to the doors (marked thus x x ) ; the next step is to form a commu- 
nication between b' and h, vid i' and j' ; this being done, a complete and 
independent circulation is promoted through the new in-take m. The further 
opening out of districts Nos. 3 and 4 will be something similar to districts 
Nos. 1 and 2. Pack walls in '* banks" or '* wastes" should have openings 
left in them (say) every five yards, so that a circulation of air may be kept 
up through them. 

I have divided the ignition of explosive mixtures under two heads, and will 
now proceed to show how danger from these causes may be remedied. 

(a.) The men will be prevented from lighting matches or candles, Aks., 
where safety lamps are used — ^tampering with their safety lamps, or working 
with one that has been damaged, <fcc., &c, — ^by the vigilance of the overlookers. 
Where safety lamps are used, a lamp cleaner must be appointed, who will see 
that no defective lamp is given to the men. The lamps should not be set on 
the floor of the mine, but hung or suspended from rings. The lamp keeper 
and men must also comply with Special Rules 2, 34, 39, 65, 66, 67, 29, 30, 
32, 33. 

The surest plan of dealing with blasting powder is to prohibit its use 
altogether where safety lamps are required, as defined in this essay; and where 
not, the material to be blasted should first be cut (if possible) so as to pre- 
vent the charge from being blown out in a stream of fire — t. e., the line of 
least resistance should be so arranged ad to cause the stratum to be shattered 
to such an extent that little or no flame will be blown out of the drill hole.* 
On approaching old workings not hiown to be entirely without gas, no blasting 
powder or naked lights should be used ; and men over whom air from this 
place will pass must use safety lamps until the workings have been satisfac- 
torily proved. No man should be allowed to work in or near an explosive 
mixture, and if such mixture exists, the underground viewer must personally 
superintend its removal. 

(b.) Spontaneous combustion may arise from various causes, and, amongst 
others, sulphuret of iron (iron pyrites) may produce fire, and also may greasy 
waste. Phosphorus will combine with hydrogen, and produce phosphureted 
hydrogen gas, which will take fire spontaneously in atmospherical air. The 
only remedy is to keep the workings free from all substances likely to fire 
spontaneously, or produce phosphorus, by sending them out of the pit. 

* Blasting the roof of a mine is eridently dangerous. All beaters used to ^ ram " shots should 
haye copper on brass heads so as to preyent sparks being struck from the coal on ramming. 



MK. WILFSSD cseswick'b ebsat. 33 

m.—SUFFOCATION FROM THE EFFECTS OP GASES UNFIT 
FOB THE SDPPORT OF LIFE. 

This may be caased by Dot haviitg anfficient Tentilntion, the remedy for 
whicli baa beeo described ; or by a cnrrent of air taking bad air tlirough tbo 
workinga — say, for instance, any part of the workings taking Ere over which 
the current of air passes. Thus, the whole of thu pit ventilated by this air 
would be foal, and might anffocate the men ; bnt, in the event of this 
happening, the advantage of introducing the intake air into a district at the 
end farthest from the downcast ehaft is apparent, for the men in this case 
conld escape throngh the doors, shows thns x x on the above plan. The 
stables shonld always be ventilated by a Beparate split of air, which sbonid 
then be taken direct to the apcast. Water shonld be passed down the shaft 
to the stables, and a hose kept ready to be fixed at any time shonld they 
take fire. 

It wonld be well if in colliery districts fire engines were made to nm on 
trams, and small enongh to be taken up and down shafts, so as to be aviulable 
nndei^Toand in case of fire. 

Snffocation takes place by inhaling the after-damp arising from an explo- 
sion, and I may here repeat that more deaths nnder the head of esplosions 
arise from this cause than from the blast and fire of the actoal explosion ; 
this will be fonnd to be treated on under the head " No. II. — Explosions of 
Firedamp." Two downcasts are better than one, for If a fire took place in 
one of them, tiiere would be the other to flee to for refnge and fresh air. 

IV.— UTOKDATIONS OR FLOODINGS OF WORKmOS BY A 
SUDDEN INFLUX OF WATER. 

This may be divided under two heads : — 

(a.) From water in or near the same plane as the workings, by 
approaching so near that its pressure will canse it to bnrst into them. 

(B.) From water vertically above the workings, by not leaving snfGcient 
supports underneath. 

It is much to be deplored that formerly very inaccorate plans were kept of 
coal workings, as they are liable to lead persons astray ; and as long aa they 
trust implicitly to old plans for guidance, so long will mines be subject to 
frequent inundations. 

(i.) Prevention of accidents from this canse. The following sketch will 
t«nd to illustrate my meaniog. 
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A D 13 the atrntnin of coal to bo wrought to tho Bhaft, c ; a i> are old 
workings filled with water, the position of which is Bhown on bd old plan or 
otherwise. It is necessary, before any extensive workings are opened ont 
between the shaft, c, and the old workings, A, that a heading sbonld bo 
driven to prove the position of A, but before this is done eitenalve workings 
should be made to tho dip of c, so tjmt, in tho event of tho heading coming 
suddenly upon tho old workings, or a quantity of water suddenly forcing ita 
way tlirough the roof or floor, this water will find its way into the dip 
workings, and before it reaches tho shafl tho men will Lave had time to 
escapo. 

Suppose tho dip workings to have boon made, and the heading driven to 
provo A to be rapidly approaching the position of a, as shown on the old plana 
or elsewhere, boreholes of a certain length must now always bo kept in advance 
of the heading, thos — 




Tho length of the bore-holes should depend on the size or section of the 
beading, strength of the coal, and head of water contained in the old workings; 
thus the water will be prevented from Bnddenly bursting through the coal, 
but Btill it might burst open tho floor or roof. 

Now, suppose the old workings to have been bored into out of tho 
exploring heading without any mishap, it may be desirable to let the water 
run gradually down to the pumping shaft, and so be raised to the surface ; 
or, perbapB, to leave a barrier of coal ^;ainst the old workings, and 
so keep the water out of the present workings altogether. I will 
BQpposo the latter to be decided on ; in this case, commence to drive a 
. heading out of the exploring heading already driven (at a suitable distance 
from the old workings, depending on the strength and thicknesB of the coal 
and tho head of water to be contended against) parallel with the old work- 
ings, as shown on the old phin, taking care to always keep boro-holoa in 
advance and on tho rifle side of the heading, thus — 



When this has been extended to a suitable distance tho coat on the deep side 
of it may safely be extracted en masse, provided that the water in the old 
workings is tho only danger to contend against. 
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The plao of a colliery at this stage would appenr something like tbis — 




(b.) PreTention of accidentB irom tbis cause. The only method of dealing 
with water — rertically above the coal stratum being wrought — ia to keep 
accurate plans of tbe workings and Burfaco, and, if need be, leave pillars to 
enpport the water above (when the water is in old workings the old plans frill 
have to be trusted, to a certain extent, and a large margin allowed for error), 
when the workings approach where it ia stored ; bat extensive dip workings 
should exist when water is in question before approaching tbe place supposed 
to contain it. When I say "dip workings," I do not mean that it is neces- 
sary that the workings should be below the pumping shaft, b.ut I mean that 
there should bo a ready means for the escape of the men at a higher point 
above some extensive workings or " goaf." 

v.— PALLS OF COAL OR ROOF. 

Accidents from these causes will, in a great measure, be avoided by having 
competent overlookers, paying strict attention to Special Rules 7, 25, 26, each 
of whom must not only see after haviug sufficient material for the support of 
the strata in his district always at hand, bat also that these supports are fixed 
in proper positions, and that when once fixed they be not removed until he 
has personally satisQcd himself that there will be no danger from an immediate 
&11 of the strata on their removal. The overlookers should at all times pay 
great attention to the roof. 

VI,— ACCIDENTS IN SHAFTS 

may be caused by any of the following defects, sucli as — 
(a.) From breakage of ropes and machinery; 
(b.) Carelessness of engioeman ; 
(c.) Defective construction of engine ; 
(d.) Defective construction of cages ; 
(e.) Defective construction of shaft and fittings j 
(f.) Carelessness of banksman and hanger-on ; 
(o.) Carelessness of man working at repairs in shafts. 
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(A.) It would be well if a limit was placed on the time during which, a rope 
might be used for raising or lowering persons in shafts. A spring fixed either 
at the cage or under the pullej wheels will tend to supply the elasticity a 
rope loses with age, and so render it less liable to breakage. Drums and 
pulleys round which wire ropes pass, should have large diameters ; they 
ought not to be less than 10 ft. Every rope should be able (when new) to 
resist some standard tests, to be determined upon for different materials and 
sections of ropes. Attention to Special Rules 8, 43, 44, 45, 48, 49, 50, 51, 52, 
55, 56, 57, must be observed. 

(b.) a person eighteen years of age (Special Rules 1 and 42) is, in my opinion, 
too young to be trusted wit& the management of either an engine for drawing 
men or the superintendence of either the pit top or pit bottom, and I think 
these rules would be much better if twenty-five years were substituted for 
eighteen years. 

A careless engineman would probably draw the .cage over the pulleys of 
the head gear. I have known careful enginemen to do so ; the defect may 
be either with the man or machinery. There are numbers of " disengaging 
hooks '' invented, to be fixed between the ends of the rope and the cage, so 
that when the cage approaches dangerously near the pulley wheel, the " hook " 
strikes against either the wheel or some special contrivance, and causes the 
cage to be disengaged . from the rope ; perhaps these would be useful, but 
when used catches should be attached to the head gear, so as to prevent the 
cage from falHng on being released from the rope. The Special Rules, Nos. 43, 
44, 45, 46, 47, 48, 49, 50, 51, 55, ably teach the engineman his duty. 

(o.) This may exist in an engine having bad proportional parts or defective 
material, but I will pass over these defects, and proceed to the main features, 
which are the drum, the drum-shaft, the brake, and the machine for indicating 
the position of the load in the shaft. The drum should, as before stated, be 
of large diameter, and provided with flanges, or horns {vide G^eneral Rule 11), 
to prevent the rope from working over the edge ; the rope used for drawing 
men should not traverse the drum more than once. Each drum should be 
fitted with a " break ring." The drum shaft (used for drawing men) should, 
in no case, be made of cast iron — ^wrought or malleable iron is the most 
reliable material which can be used for this purpose. 

A brajce should be attached to the drum of every engine, of sufficient 
power to keep it from revolving, in case the engine were to fail, and should 
be so arranged that the engineman can apply it to the drum at a moment's 
notice. There are many different arrangements of " indicators" (fulfilling 
its requirements in General Rule 12), but in no case should they be dependent 
on string, or other flexible matenal, for their accuracy. 

(d.) Cages should have a cover overhead to protect men whilst in the 
shaft from falling materials ; also, there should be a hand-rail within the 
cage for the men to grasp whilst riding. Before a cage is allowed to be 
placed in a shaft it should be suspended in the same manner as it will be 
when hung from the drawing rope; it must then be ascertained if the 
" guide shoes" for the conductors are plumb under one another, and the 
centre of the bottom of the cage should be exactly under the rope ; when a 
cage is loaded, the weight should be so distributed aa not to alter its (the cage's) 
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manner of lianging. Gages should be provided with safety-catches, so that if the 
rope, &c., break, the conductors may be clipped by them. A very good "catch" 




is of this form : At A, A, pins pass through clips and are secarely &stened 
to the cages ; these clips are free to revolve on the pins ; when the weight of 
the cage is taken by the rope the small chains attached to the clips at one 
end, and the shackles (which connect the cage and rope) at the other, elevate 
the ends of the clips farthest from the conductors, and because the pins on 
which the clips revolve are above their centres, they (the clips) recede from 
the conductors ; but if the rope break, the shackles and small chains will 
drop, and the lower sides of the clips will come in contact with the conduc- 
tors, and the greater the weight of the cage the tighter will the clips be 
wedged. The necessary apparatus must be fixed, so as to keep corves from 
falling out of cages. 

(e.) It would be well, and to the advantage of the owner and the safety of 
the colliers^ if all shafts were lined throughout with brick, stone, or other 
durable material. Sheeting boards should not be allowed as permanent 
lining for shafts. There should always be two distinct and separate shafts, 
or other distinct communications between the surface and the seam of coal 
being wrought, so that in case of need men may use either communication. 
Drop gates should be used at the top of every " working shaft," so that when 
the cage is not there all access to the shaft will be closed. No opening in 
the side of any shaft, not being at the bottom of the shaft, should be allowed 
to be used by men (unless with the underground viewer). All Special Rule 6 
must be carried out, and in no case should coals be allowed to be raised or 
lowered from there, unless a stage is erected so as to form a bottom to the 
shaft at that point. Conductors, to guide* the cages, should be fixed in every 
shaft where required by the inspector, and they should be fixed in a true 
plumb-line, and in no case should a "pass-by" be allowed in any shafb 
without first obtaining the inspector's sanction. The head-gear of every col- 
liery should be high, so as to prevent overcrowding as much as possible. 

(f.) The duties of the banksmen and hangers-on are plainly set forth in 
rules Nos. 46, 47, 49, 50, 61, 62, 53, 64, 66, 66, 67, 68, 69, 60, 61, 62 : but I 
may again state here that a person eighteen years of age cannot command 
the deference which is due to banksmen or hangers-on. The banksmen 
should be very careful to prevent anything from falling down a shaft ; there* 
fore no loose material should lie about the top of any *' working shaft." 
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(o.) The remedy rests mainlj with themselves, bnt it is important that the 
steadiest and- most experienced banksmen and enginemen or hangers-on are 
employed on snch occasions. 

As this essay is on the prevention of accidents in mines, I think the inspec- 
tors should be consulted, as stated herein, for I am persuaded that had such 
been the case heretofore, numerous great errors would have been prevented, 
which afterwards, on account of the expense or impossibility of alteration, 
are neglected. I quite appreciate what is said about the desirableness of 
owners and agents being the responsible persons for the safety of the miners, 
and not the Government ; but the miners must be protected, and if my sug- 
gestions were carried out the effect would be this — ^the miners would know 
that every new colliery was laid as safely as possible, and that there is suffi- 
cient ventilation for ordinary occasions ; also that the inspector can see a 
just periodical report of the state of the workings and of the discipline ; the 
miners, too, can have this privilege. The colliery owners, agents, and work- 
people will, at the same time, be responsible for efficiently working to the 
roles as heretofore. 
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ON THE PEEVENTION OF EXPLOSIONS IN 

COAL MINES. 

ME. WILLIAM GALLOWAY'S ESSAY, 

TO WHICH A PIBST PEIZE WAS AWARDED. 



L— ON THE OCCURRENCE AND PROPERTIES OF FIRE-DAMP. 

Fire-damp is found issuing from the fissures of coal seams and the strata 
associated with them, the quantity emitted varying considerably according 
to the nature of the coal and the depth of the seam from the surface. 

In the. workings of a coal mine the greatest quantity of gas is emitted from 
the fresh surfaces which are exposed as the coal is removed at the faces in 
the " solid." Some gas, however, is also given off in the '* broken" and in 
"goaves," being conveyed thither by fissures in the roof or floor, which act 
as pipes or channels from the solid coal of the working seam, or from an 
upper or lower bed of coal. In general, the quantity issuing from the solid 
coal, or from the roof and floor of the mine, does not vary much where the 
tension of the gas is considerable ; but in colKeries in which the fissures are 
wide, and the tension of the gas is not great, its rate of issue depends on the 
pressure of the atmosphere. 

" Blowers" are usually large fissures, which extend for considerable dis- 
tances^ the coalfield, and penetrate the strata both above and below the 
working seam. They sometimes give off a large quantity of gas when first 
'* pricked," and some of them continue to emit gas for years. They are 
generally met with in the neighbourhood of faults. Eruptions of firedamp 
are not unconmion in some mines ; gas in a state of great tension appears to 
collect in a cavity formed by the bending down of the roof or the heaving up 
of the floor, and to escape suddenly when a rent is formed, or a ^pdl of roof 
takes place. Instances are also recorded of eruptions of gas from fissures 
filled with " danty" or disintegrated coal. 

In the year 1815, Sir Humphrey Davy, who was at that time engaged in 
making the experiments which led to the invention of the safety lamp, 
pointed out that light carburetted hydrogen was the principal constitfient of 
firedamp. Since then, many specimens obtained from " blowers" have been 
analysed; they are generally found to contain 80 to 90 per cent, of light car- 
buretted hydrogen, varying proportions of oxygen and nitrogen, and some- 
times a little carbonic acid gas. Light carburetted hydrogen is also known 
by the name of marsh gas, from the fact that it rises in bubbles to the sur- 
face of water under which organic substances are decomposing. The symbol 
for this gas is CH^, molecular weight, 16 (carbon); C = 12 Qiydrogen), 
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H^ = 4, CH^ = 2 volnmes.* A molecule of light carbaretted hydrogen 
requires two molecules of oxygen for its complete combustion. 

CH^ + 2 O, = CO, + 2 (H, 0) 
2 vols. 4 vols. 2 vols. 4 vols. 

One measure requires two measures of oxygen, or ten measures of atmo- 
spHerio air. When the air and gas are mixed in certain proportions, their 
combustion takes place with explosion. With five measures of air to one of 
gas, the explosion is weak; with from eight to ten of air to one of 
gas, it is most violent, and with fourteen of air to one of gas, the mixture 
still explodes. But when the proportion of air by measure is less than three 
or four, or more than fourteen, to one of gas the mixture will not ignite at 
the ordinary pressure and temperature. The composition of the afber-damp 
depends on the proportion of air that was in the mixture before explosion. 
When there have been ten measures of air to one of gas, the residual gases 
are one measure of carbonic acid, two of steam, and eight of nitrogen ; and, 
after the steam has condensed, the after-damp occupies nine-tenths of the 
original volume. It is, therefore, evident that there is no oxygen left in 
this or any afber-damp which has been formed by the explosion of a mixture 
containing less than ten measures of air to one of gas. However, when there 
are fourteen measures of air to one of gas, the after-damp is composed of 4-5 
measures of oxygen, 2 of carbonic acid, and 11 1-5 of nitrogen after the 
steam has condensed. This last mixture is not immediately fatal, and may 
support life for a short time after the carbonic acid has been removed. 

Various methods have been proposed whereby it might be possible to 
penetrate the aftier-damp, such as the removal of the carbonic acid by the 
nse of quicklime or ammonia and other alkalies ; but, since the composition 
of the after-damp depends on the proportions of air and gas in the mixture 
before explosion, it would not, in some cases, be able to support life under 
any circumstances. The method employed for detecting the presence of fire- 
damp in the air of a mine is by no means a satisfactory one, since a less 
quantity than three and a-half to four per cent, of gas g^ves not the slightest 
"cap" on the flame of a lamp or candle, and it must be remembered that 7 
per cent, makes the mixture explosive. There is, therefore, ouly a margin of 
little over 3 per cent, between air that shows the first indication of containing 
firedamp, and air that will explode. An instrument was described some 
years ago, f by the aid of which, it was said, as little as 1 per cent, of fire- 
damp could be perceived ; such a contrivance would be of much value in 
testing the ventilating currents, the fouling of which, even to the extent of 
1 or 2 per cent, of gas, must, in many cases, lead to the formation of eicplo- 
sive mixtures in places in which they had not been seen before. 

n.— FOULING OF THE VENTILATING CURRENTS. 

Before the year 1760, only one system of ventilating the workings was 
known or employed. It has been called the " Primitive method.'' The air 
from the downcast shaft is led in a single current round the edge of the solid 

» A Tolume is 11*2 litres = 683*503 cubic inches. 

t ** TnuuwctioDs of the North of England Institute of Mining Engineers," toI zr. 
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coftl and workmg &ceB, nntU it retnm§ to tbe upcast. Let fig. 1 lepresent 
the genei«l features of a post-and-stall working. The sohd coal is shaded 
&om right to left here, and in the other fignrea. d is the downcast, and n is 
the upcast shaft. A door is interposed between the two shafU, and the air is 
made to circulate ronnd the edge of the solid coal, as shown bj the arrows. 
The lines s, a, are stoppings, arranged so as to prevent the air horn taking a 
short course. The shading parallel to the level l, i., shows an nnventilated 




Fio. 1. 
space ronnd which the air current travels. By this systeiu, it was possible 
to obtain plenty of fresh air at the working faces ; indeed, it is the only 
method adopted at the present day in many collieries, in which the emission 
of firedamp is insignificant, and in these cases it is qnite sofficient. Bnt in 
fiery mines it was fbond that dangerous accnmidations of air and firedamp 
were formed in the, nnventilated space when large districts of pillars were 
barred off from the ventilating current ia this manner. Apertures were left 
in the stoppings, throogh which it was intended that air should be driven by 
the movements of the men and horses, and in this way a partial ventilation 
was effected. This was called " ailing by the waft of the barrowmen." Under 
this system, sudden and unexpected explosions took place,* and it is not 
improbable that two very disastrous explosions which happened in our own 
dayt are traceable to the existence of a large space of b&rred-off pillar 
workings, ronnd which the air circulated on the outside. In 1760, Mr. 
Spedding, of Whitehaven, introduced the method known as "coursing the 
air."{ This system was intended to obviate the dangers arising from the 
fiirmer. By means of suitably si-ranged stoppings, the ventilating current 
was made to travel upland down among the pillars, bo that it reached every 
part of the workings. The lines in fig. 2 show how the stoppings were 
arranged, and the arrows indicate the course of the air. Bnt a new source 




■ Boddle, FulumenUTy ETidecce, 183£. 

t Kitahill, laSO) TWk.o'-th'-Hm, 1866. 

t For an evl; de*eriptian o( this method (ITTS) «e« irticle " Cokler;,* 
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of danger accompflnicd tho introilnction of tho eysfem. It was no longer 
possible, certfunly, for lai^c accnmnlEtiona of exploaive mixtnre to be formed 
among the pillars, bnt tho distance to bo traTelled by tho air was materially 
increased ; and in order that the same qnaiitity as formerly might ho eapplicd 
to the workings, its velocity wonld rcqniro to increase at tho same rate. Now, 
it ia generally accepted as an approximation that the resistance to the oircola- 
tjon of the air in tho passages of a m.ini! varies aa the square of the velocity, 
and, if we afisomo this rate of variation, tco find that the power required to 
make tho air circulate varies as the cube of tho velocity. For, let v ^ velocity, 
r = resistance, c = a constant, P = the ventilating power. Then, since 



Bnt P = tr = vcv* = cr" 
.-.Pec «» 
It soon appeared that the same ventilating power was no longer able to cope 
with the new order of things, and tho air was occasionally so loaded with fire- 
damp when it reached tho upcast shaft that it ignited at the ventilating 
furnace. 

The steel mill and the " dnmb fnmace " were then resorted to. By the 
arrangement called the dnmb furnace, or dumb drill, the air returning from 
the workings is sent directly into tho upcast shaft without passing over the 
fomaoe ; and the furnace ia snppUcd with fresh air, which, on being heated, 
passes into tho shaft and mixes with the air retumiug from the workings. 
It was found, however, that explosions still took place, even in mines in which 
the steel mill only was used for giving light. At length, it was discovered 
tliat tparhfrmn the mill could ignite the inflammable air, bnt there appeared 
to be no remedy. 

Affairs were in this unsatisfactory state when Mr. Buddie began bis career. 
That indefatigable pitman, who may appropriately be called iroXii/ii^x^, intro- 
duced his system of panel work and double ventihttion at Wallsend in 1810. 
The general features of panel work and double ventilation are shown in fig. 3. 
A and B are districts in which workings are being carried on ; they are 
separated from each other by a barrier of solid coal. Bach district eommn- 
nicates with the upcast and downcast shaft by means of two passages, one 
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being used as the intake, and the other as tUo rctnra airconrsc. At the 
bottom of the downcast ahafl the air coirent divides itself, ono portion going 
to the district a, the other to b. The stoppings which goido the air ore 
indicated by lines as before. After ventilating its district each current 
returns to the npcast shaft, through which they ascend to the snrfaco 
together. Panel work was introduced partly for the purpose of preventing 
the spread of "creeps" during the working out of the pillars, partly for the 
purpose of confining the results of an esplosion to the district in which it 
happened. In the system of double ventilation the tme secret of venti- 
lating mines was discovered,* Two currents of air were used to ventilate 
the same place that was formoriy ventilated by one. In order, then, that 
the same aggregate quantity of air might be supplied to the workings, each 
cnrrent reqtdred to travel at only half the velocity of the single current, and 
that part of the power which was necessarily expended in overcoming friction 
was reduced to one-eighth of its former value. 

To the late Mr. Nicholas Wood, of Hetton Collieries, Dorhara, is dno the 
credit of having fdlly appreciated and snccessfnlly applied the principles of 
this system to the ventilation of the collieries nnder his care. Very large 
quantities of air are thus obtained at the Hetton Collieries — upwards of forty 
times as much as Mr. Bnddle was nsing at Wallsend (SOOO cubic feet per 
minute) when the great explosion took place in 1835. 

Fig. 4 shows the application of this system to a district of pillar-and-stall 
workings ; a B and C a are the main intake and return air conrsea ; a b and 
e d the district intake and return air conrses ; the stoppings ore indicated by 




Fig. 4. 

double lines ; b b are regulators ; the part from which pillars hare been 
removed is shaded irregularly. The air leaving the advance drifts a and c, 
and that from the working &ccb in the sohd coal goes directly into the 
retnm airconrse ; the pillar workings and the goof, on the other hand, are 
BUpphed with fresh air. The district retnm air course, c i, is cnt in the roof 
from /tod at a short distance above the main intake, so that the nuun 
retnm airconrse is completely isolated. In this sketch, each main airconrse 

* Short dittMices, or great uea of tinrftyB. 
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is shown to consist of four passages, their frictional tCsistanoe, therefore, to 
the passage of a given quantity of air is only one-sizteeiltk of what it wonld 
be if each of them consisted of one passage, and the power required to orer- 
come the friction is only one sixty-fourth. These remarks are sufficient to 
show how much more important it is to multiply the^umber of the airways, 
increase their area, and shorten the distance to be traversed by each venti- 
lating current, than to increase the ventilating power, when a greater 
quantity of air is required for the ventilation of any mine. 

We have now seen how that in fiery mines it is not safe to conduct the 
ventilation either according to the primitive method, or Mr. Spedding's 
method of coursing the air ; Mr. Buddie's system of double ventilation has 
also been briefly discussed. It still remains, however, to be considered when, 
and in what manner, any ventilating current may become explosive. Let 
fig. 5 represent the plan of part of a longwall working ; a b and c d are the 
main intake and return aircourses ; a h and a' V district intake ; and c d and 







Fig. 5. 

c' S district return air courses. It may be assumed that the air leaving the 
points h and V is always pure, and that the whole of the working face, x y, 
emits firedamp at a uniform rate. Then it is evident that any given 
quantity of air which passes from & to c, or from V to c', will always contain 
exactly the same per-centage of firedamp when it reaches the point c, so long 
as the quantity of air is not increased or lessened, and the quantity of gas 
emitted from the coal remains unchanged. 

1. Let the quantity of air coming from 5 to c be twice as great as that from 
6' to c, and take the distance be :=zh' c. Then, if there be 4 per cent, of gas 
in the current V c, when it reaches the point c, there will be 2 per cent, in 
the current 6 c at the same place. Now, suppose the quantity of air arriving 
at c to be halved (the relative quantities remaining as before), or the quantity- 
of gas emitted at the face to be doubled ; then« in either of these cases, the 
current 6' c will be explosive shortly before it arrives at c, the current 5 e will 
not be explosive, and the air in the passage c d will contain 5^ per cent, of 
gas, and will not bo explosive. If, under these circumstances, ignition takes 
place at the point c, there will only bo a slight explosion of the mixture 
extending towards h', 

2. If the air arriving at c fipom one side is explosive, or if that coming 
from one side or the other contains sufficient firedamp to make both explosive 
when mixed, then the whole passage, c d^ will be filled with explosive 



MB. WILLIAM OALLOWAT'8 E88AT. 45 

mixture. Bat the air in the airoonrse, c d, may be sufficientlj pare to dilate 
that coming from c d below the explosive point ; or if not, the main carrent 
itself may be so dilated by the air from c' d\ In this case, the explosion 
woald extend only to (i or d'^ and not to the whole district. 

8. If the main retar1^ carrent in c D is not dilated below the explosiye 
point antU it meets with another main carrent, the explosion will extend to 
the whole district. 

4. When all the main corrents are explosiye, the explosion will extend to 
the whole of the districts. 

It is thos manifest that the parity of the main retam carrent depends on 
the parity of its tribataries, and the parity of these at any particnlar time 
depends on the relative qaantities of gas emitted at the face and air sapplied 
to the workings. 

In a district of bratticed bords, like that in fig. 4, if the whole of the air 
carrent is sent to the face of each bord in saccession, the last bord will 
become explosive befbre any of the others ; bat if only a portion of the air is 
sent to the working face, while the remainder escapes towards the next bord 
onder the door or screen at the entrance, then the air in any one of the bords 
may become explosive, while the others are free from explosive mixtare. 

The following algebraical expression shows what is the minimam qaantity 
of air that mast be taken to ventilate the bords one after the other, it being 
assamed that the qaantity of gas emitted is somewhat eqnal to each bord : — 

Let X == the whole carrent of pare air which comes to the entrance of the 
first bord. 
y = the qaantity of firedamp necessary to make this air explosive. 
m == the namber of bords from which an aggregate qaantity of gas 
eqnal to y coald be prodaced. 

J-. =: the ratio which the part of the carrent taken to ventilate any bord 

bears to the whole carrent. 
n = the namber of bords throngh which the carrent has passed before 

reaching any ^ven bord. 

The composition and proportion of the carrent taken to ventilate the 
(» -h l)th bord are given by the expression -^ . — i- -|- ~j-- and when leaving 

this bord it is — ( -r- . ^^H- — | + -^ . Now, the mixtare, ^-f -^ 
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IB explosive, so that when ( -^ . -^ + — ) = -^ , the mixtare attheface 

\ k Til vfy ' k 

of, and leaving the (n -|- l)th bord, is explosive. From the above we get 

m = 91 + A;. Sappose, for example, that there are twelve bords, and that 

the whole of the air taken to ventilate these twelve woald become explosive 

if the gas from sixteen similar bords were added to it. Then the minimam 

proportion of the wlvole carrent that woald prevent the air at the face of the 

first bord from becoming explosive is one-sixteenth, or rather more, the second 

one-fifleenth, the third one-fonrteenth, and so on to the last. One-fifth of 

the whole carrent woald reqaire to be sent to the face of the twelfth, and 

althongh this bord prodaced exactly the same qaantity of gas as the first, an 
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explosive mixtnre would be formed at the face with this or any smaller pro- 
portion of the whole current. From these considerations it is seen how the 
air leaving a district of bratticed bords may not be explosive, while several 
of the bords are explosive at the fucc ; and how, by sliglitly decreasing the 
whole quantity of air, one or more of the bords may suddenly become 

explosive. 

Note. — It should, perhaps, be mentioned that the currents are understood to be exploslre 
near the roof onljr, at first, in the foregoing cases. 

III.— ON THE FORMATIONS AND EXTENSION OF EXPLOSIVE 

ACCUMULATIONS. 

When firedamp issues from the fissures in a mine, it immediately rises to 
the roof, on account of its low specific gravity ('5589, air = 1). It collects 
in cavities in the roof (*' pot holes," and the highest spaces in " goafs"), and 
in TLnbratticed working places of which the inner end is higher than the 
entrance ; and from such places it can only escape by diffusing into the outer 
air. The rate of diffusion per square metre per hour has been determined for 
certain gases by Professor J. Loschmidt, of Vienna,* but, so far as we know, 
scientific investigations have not been made to fix these quantities for light 
oarburetted hydrogen and air ; it will, therefore, be necessary to consider 
only the general law in this case. Considering a space, A b c D, closed at 
the top and sides, and open at the bottom, into which a uniform quantity of 
gas is admitted, while there is pure air outside. After a time, if the air 
inside be analysed, it will be found to contain a certain per-centage of gas, 
varying in the manner indicated by the figures in Fig. 6. As long as the 
conditions are unchanged there will be no change in the quality of the con- 
tents at the different heights, but as much gas will escape at the entrance as 
is admitted at the top. Now, let the outer air contain 5 per cent., while the 
same quantity of gas, as before, continues to be admitted at the top, then a 
displacement will occur, so that all the space below h will contain 6 per cent, 
of gas. But no diffusion can now go on from the entrance A d, until the line 
above which there is 5 per cent, of gas has moved down to the position a d ; 
and during all this time the whole of the gas admitted at the , top will be 
retained in the space a b c d. 

Pig. G. Fig 7. 
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After a time it will be found that tlie per-centago of gas at different heights 
again remains constant, but that it is different from what it was under the 
former circumstances. Fig. 7 shows how the quantity of gas has changed at 
the different heights. The point a, at which the mixture first begins to be 
explosive, is much nearer to the bottom than it was before. 

Again, suppose a small space, G K L m, fig. 8, in which there is no explosive 
mixture, at the top of which, however, gas is admitted, so that the per-centago 

Fig. 8. Fig. 9. 
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in the space is shown by the figures when there is pure air outside. Now, 
as before, suppose the air into which the diffusion is going on to be changed, 
so that it contains 5 per cent, of gas, then the contents in the space o k L M 
will also change before diffusion can take place again. The new per-centage 
of gas is shown in fig. 9, and here it will be observed an explosive mixture 
has appeared, without any increase in the quantity of gas admitted at the 
top. The transition &om the consideration of the imaginary spaces A B c D, 
&c., to the consideration of the cavities in the roof of a coal mine is easy. 
The gas in the mine is controlled by exactly the same laws as gases elsewhere, 
so that an increase of 1 or 2 ^er cent, of gas in a ventilating current (although 
it may possibly not be perceptible by the test usually applied) immediately 
affects the accumulations ; the point at which the air in the goaf will explode 
moves downwards ; cavities in which gas could not be seen before, becomes 
explosive in the higher parts ; and unbratticed working places and the spaces 
between packwalls arc affected in the same manner. 

IV.— CAUSES WHICH LEAD TO A FOULING OF THE 

VENTILATING CURRENTS. 

In the last two divisions of the subject it has been shown how a decrease 
in the quantity of air circulating in the ventilating currents, or an increase 
in the quantity of gas added to them, directly increases their tendency to 
become explosive ; and how a fouling of the currents, even to a slight extent, 
causes explosive mixtures to appear, and accumulations to extend. The 
causes by which the quantity of air is diminished, or the quantity of gas 
increased, will be shortly discussed in the present part. They may be classi- 
fied in the following way : — 

A.-Meteorological. \ ^' Increase of temperature at the surface. 

(2. Fall of atmospheric pressure. 

r 1. Leakages and falls in the aircourses. 
B. — ^Incidental. -< 2. Eruptions of gas from blowers. 

( 3. Eruptions of gas from the roof or pavement. 
A. — Recent investigations have shown that explosions coincident with 
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meteorological changes are by far the most xinmerons. Diagrams,* illnstra- 
tive of this, by Mr. Theo. Wood Banning, for the years 1868 and 1869, and 
still more recent researches, by Robert H. Scott, F.R.S., and the Author, for 
which the most accurate meteorological data obtainable were employed, seem 
to place this question entirely beyond dispute. 

Fig. 10 is part of the diagram for 1870. The shaded squares are the fatal 
explosions — those numbered ix. Tin. iv. vi. ii. and iii. are supposed to be 
due to high temperature causing a partial stagnation of the ventilating cur- 
rent ; those numbered x. to fall of atmospheric pressure, liberating gaa from 
wide fissures and accumolationfl ; each space representing a day. The dark 




Fig. 10. 

XL North and East Lancashire or Manchester ; it. Midland ; ti. South-Westem ; m. South- 
west Lancashire and North Wales; Tm. South Wales; x. Yorkshire; ix. Northumberland, 
North Ihirham, Cumberland. 

curred line is the continuous barogram, and the light curved line the con- 
tinuous thermogram at Stonyhurst t throughout (say) the twenty-five days. 
The scales to the right are degrees for the thermometer, and inches for the 
barometer. The data at the observatory nearest to the place of explosion 
correspond with those of Stonyhurst. 

On the day before the explosion on June 1, the barometer was lower than 
it had been on any of the previous sixteen days. It might be supposed that 
the effect of the low pressure would have passed before the explosion took 
place, but a consideration of what was said in Part III. will show reasons 
why this may not have been the case. The explosions on the 6th, 8th, 19th, 
21st, and 22nd are evidently due to the high temperature, while that on the 
9th may be a consequence either of the low barometer or of the sluggish 
currents of the four preceding days. When the pressure of the atmosphere 
decreases, every portion of air or gas to which it is accessible increases cor- 
respondingly in volume. Let Vo be the volume at 31", and Vn the volume 
at 30", and let the pressure decrease from 31" to 30". Then the ratio of the 
new volume to the old is given by the formula — 

Fn 31 ^ -^ 31 
W=M"'^^^=^^-30' 

The new volume is 31-30ths of the old, or has increased by l-30th. When 
the atmospheric pressure becomes less, each fissure must emit some of the 
gas kept back in it, however minute the quantity, and each accumulation 
gives off part of its contents to the ventilating current, bo that there must be 
a fouling of the air to a greater extent than usual. As a consequence, some 
of the currents themselves may become explosive ; but, in any case, the accu- 

* " Transactions of the North of England Institute of Mining Engineers," toK xix. 
t Compare with curves in Quarterly Weather Report of Meteorological Office for Glasgow, 
Falmouth, Kew, Aberdeen, Armagh, and Valentia, 
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mnlations are increased, and some of them may become explosire. The 
effeota of increaaed iemperatnre at the snrfiwe will be considered in connec- 
tion with nalnral rentilation. 




B. — I. LoakageB between the iatalce and return airoonrsea are cansed by 
fijls of the roof, which damage stoppings, trap doors, Ac. Iminrtant 
stoppings shoold, therefore, be secnrely bnilt, and supported behind by a 
obee stowing, bo that the roof is well nnderpaclced ; they should also be 
plastered well in front. Air crossings and stoppings sbonld be made as 
strong aa possible, in order that they may be able to resist the sndden strain 
when an ^qilosion nnfortnnat«ly occnrs. The liree of many men who &11 
victims to the after-damp might be saved by a better isolation of the return 
airoonrse. Where this objeot is proposed the air oroBsinga sbonld be of very 
great strength, and might be able to resist an enormons strain if bnilt after 
the manner of the one ahowu in section, fig. 11, with an inverted arch above 
in the retnm airoonrse. 

2. Eniptions of gas from blowers may be met without mnch danger by 
cutting exploring drifl>s in advance of the ordinary workings, and conveying 
the retnm air from them immediately into the return urconrse. Betnrn 
air from snch places should never on any account be allowed to pass ordinary 
working faces. Of two or more exploring drifts, the one which receires the 
air last should be the most advanced, and shoold have a bore-hole in &ont in 
critical cases. 

3. Eruptions of gas at the working faces are sometimes avoided by boring 
holes into the roof or floor, as the case may be. Wherever they are appre- 
hended, any single ventilating current should only be allowed to travel a 
short distance along the face. If this arrangement is made, and an eruption 
of gas takes place from a fall or rent in the floor, the fool air is soon carried 
into the retnm uirconrse, and the probability of its becoming ignited is 
lessened according to the smaller number of lamps jt has to pass ; moreover, 
if it is ignited, only a local, and not a general, explosion will ensue — such as 
wonld be the case if it travelled a great distance in the workings before 
meeting with a defecbirc lamp or a naked light. The safety lamp should be 
in continnal and careful use in all exploring drifts, and in all parts of the 
workings into which a large quantity of gas may be thrown suddenly and 
unexpectedly. 



oO MB. HEBMON's PBIZB S88AT8. 

Y.— NATUEAL VENTILATION. 

So long as the lYorkiugs of a mine liave a higHer temperature than the air 
at the surface, a cnrrent of air will flow into the downcast shaft, pass through 
the workings, and return to the surface by the upcast. This phenomenon is 
called natural ventilation — the air flows from a region of higher to a region 
of lower atmospheric pressure. Take the case of two shafts situated at the 
same surface leyel, each 100 fathoms deep, and let the atmospheric pressure 
at the surface be 2116*8 lbs. per square foot. Then, if the temperature of the 
air in each shaft be 56 degs., the pressure at the bottom will be about 
2163*2 lbs. per square foot, and, under these circumstances, although an 
opening be made between them at the bottom, there will be no interchange 
of air. If, however, the tempei*ature of the air in one of the shafts be 30 degs., 
and the tension of water vapour = '1681" of mercury, while the temperature 
of the other is 56 degs., and the tension of water vapour '449 inches of 
mercury, then the atmospheric pressure at the bottom of the former will be 
2165*9 lbs. per square foot, and at the bottom of the latter 2163*2 lbs. per 
square foot. The difference of pressure, 2*7 lbs. per square foot, divided by 
'082 lbs., the average weight of a cubic foot of air and water vapour in the 
colder shaft gives 33*6 ft. as the dynamic head ; and this determines the 
velocity of the flow of air which takes place when an opening is made between 
the shafts at the bottom. Now, if we conceive the temperature of the air in 
the colder shaft to rise gradually to 56 degs., and the tension of the water 
vapour to increase according to the temperature, we reach the point at which 
the air would cease to flow from one shaft to the other ; but let the same 
difiference of pressure (2*7 lbs. per square foot) be maintained by some 
mechanical means, and the sajne weight of air Yrill flow as before. Again, let 
the temperature of the air in one of the shafts rise to 82 degs., and the tension 
of water vapour to '5196^ (66 degs.), while for the other the temperature is 
56 degs., and the tension of water vapour *449^ as before ; then the difierence 
of pressure is 2*27 lbs. per square foot, and in order to cause the same weight 
of air to flow from the hotter to the colder shaft, it will now be necessary to 
produce an artificial dynamic head whose pressure on the square foot is equal 
to 4*97 lbs. 

The air returning from the workings has a constant temperature through- 
out the year, and it is nearly always saturated with water vapour, but it cools 
somewhat in ascending the shaft, losing its heat partly to the sides of the 
shaft, partly on account of its increasing volume as it ascends. Accordingly, 
in the foregoing examples, we have assumed 56 degs. as the mean tempera- 
ture of the air in the upcast shaft, while we have considered that in the down- 
cast to vary between the limits of 30 degs. and 82 degs. 

The effect of change of temperature at the surface on the ventilation of a 
mine will now be obvious. For instance, if 100,000 cubic feet of air per 
minute are passing through a mine when the dynamic head represents a pres- 
sure of 2*7 lbs. per square foot, we have — 

woo x27 ^ 8.2 torse-power 
33,000 *^ 
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as the work performed — by the heat of the earth when the air in the down- 
cast shaft is at 30 degs., in the examples we have considered, and by 
mechanical means when it is at 56 degs. ; bat when the temperature of the 
downcast air rises to 82 degs., it is necessary to increase the effectire power 
of the mechanical ventilator to — 

100,000 X 4-97 1 K u^ ^ «. 
33,000 = ^^ horse-power 

in order to maint^ain the same ventilation. 

It is not to the extent of the daily range of temperature that we must look 
for dangerous vicissitudes in the ventilation of a mine so much as to the 
sudden setting in of an unusually high temperature for a few days, for the 
artificial power is not usually employed to a greater extent than it is required, 
and the first intimation that morQ air is wanted is a partial stagnation and 
fouling of the ventilating currents. The danger is greatest in the first few 
days of high temperature ; as soon as the artificial power is sufficiently in- 
creased, the work may be carried on as safely as before. In the year 1870 
the temperature rose to 70 degs. and upwards on twenty-six different days 
between April 17 and July 27, and only on one occasion did it reach 70 degs. 
for five consecutive days. Accordingly we find fatal explosions on twelve of 
the twenty-six days, two explosions on one of the twelve, and one on each of 
the other eleven days. Coincidences like these are more than accidental — 
they point to a most intimate connection between the phenomena, they offer 
a rational explanation of the causes which lead to many explosions, and) at 
ihe same time, they indicate the remedy distinctly. 

VI.— CONCLUSIONS. 

A rise of temperature at the surface can influence the condition of a mine 
only in so far as the mean temperature of the air in the downcast shafb is 
increased, thereby causing a partial stagnation and fouling of the ventilating 
currents ; a fall of atmospheric pressure, on the other hand, liberates gas and 
foul air from the fissures and accumulations ; again, w« have fouling of the 
currents and the appearance of explosive mixtures where not expected. Now, 
BO long as the quantity of air supplied to the workings is sufficient to preserve 
them in a state of safety under the usual atmospheric conditions only, it must 
appear, from what has been already said, that adverse meteorological changes 
will sometimes cause parts of the workings, and sometimes the whole mine, 
to relapse into a state of danger, and the concurrence of what we have called 
incidental causes will add to the peril. Under these circumstances, the safety 
lamp has undoubtedly averted a local explosion, or a general catastrophe, 
times without number ; but the more often the crisis is apt to return, the 
greater i^ the probability that at some time or another the gas mil be ignited 
at an injured or defective lamp. . Ultimately, then, everything depends upon 
the relative proportions of air supplied to the workings and gas emitted by 
the coal, so that the greater and more regular the supply of air, the less is 
the probability that ever at any time an explosion can take place. 

It does not appear that the introduction of scientific instruments for 
the purpose of foreseeing and providing against the effects of adverse 
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meteorologioal changes can be very snooessfal. The true index of the state 
of a mine at all times is the main retnm airconrse, and thither we mnst go 
in order to ascertain whether the quantity of air is diminishing, or the quantity 
of gas becoming dangerous ; the former object can be attained by the nse of 
instroments recording the velocity and resistance of the ventilating current ; 
an increased quantity of gas, however, is not so easily perceived, and danger 
from this source can best be provided against by supplying at all times a 
greater quantity of air than is absolutely necessary under the usual conditions 
of the mine. 

The safety lamp employed should be self-extinguishing as soon as there is 
sufficient gas in the air to make it explosive ; under no circumata/nces whatever 
should work be carried on in an explosive atmosphere. A sound wave from 
a violently exploding shot (possibly even at a considerable distance) will, 
under certain circumstances, pass the flame of the firedamp through the 
g^uze of the lamp, and hence it is, probably, that we find explosions have 
occurred when the place in which the shot was fired contained no explosive 
mixture. The vibration of the air caused by a local explosion will act in the 
same way upon all lamps situated in explosive mixtures, and, when of con- 
siderable amplitude, its influence will be extended to the most remote districts 
of the workings. Bisca, 1860 ; Femdale, 1867 ; and Haydock, 1869, are 
notable examples of double explosion, and several others might be mentioned 
in which there appeared to be no train of explosive mixture between the 
districts in which simultaneous explosions took place. The explosion which 
happened at Femdale in 1867 is probably the most striking example of this 
kind that has ever occurred. 

[A plan of these workings is appended.] 

Finally, the pertinent question arises whether air which contains so small 
a proportion of gas to make it explosive under ordinary pressure and tempera- 
ture does not become so at the instant of compression and heating when it 
is traversed by an intense sound wave. Davy* found that when he rarefied 
a mixture of hydrogen and oxygen to one-sixteenth of its original volume it 
would no longer explode when the electric spark was passed through it, but 
when he heated the top of the eudiometer to redness a slight explosion of the 
heated part of the gases could be effected. Abelf mentions that loose gun- 
ootton set on fire by a fibme bums quietly, but when a detonating compound 
is used to ignite it there is a violent explosion. The consideration of these 
facts, in connection with the compression and heating which take place in a 
sound wave, seems to indicate the way towards a satisfactory explemation of 
the mysterious violence which has distinguished some of the more celebrated 
explosions. 

« <<Pha. TrsDB.* 1817, p. 46. t lUd. 1870, p. 407. 
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THE PREVENTION OF CATASTROPHES IN MINES. 
MB. WILLIAM HOPTON'S ESSAY, 

TO WHICH THE SECOND PBIZE WAS AWABDED. 



INTRODUCTION. 

The writer of the following essay is well known as the author of ** Gon- 
▼ersations on Mines, between Father and Son," a nsefal little work in which 
he has adopted the form of a dialogue, supposed to be carried on between a 
veteran and experienced miner and his son, who is also engaged in the same 
industry, and anxious to obtain all the knowledge by which he may become 
best qualified for the successful pursuit of his calling. This style of writing 
has its advantages, and also some disadvantages ; but Mr. Hopton is so far 
satisfied with it that, to a large extent, he has adopted it in his Prize Essay. 
The Essay itself is divided into two distinct branches — one of which treats 
on *' The Causes of Loss of Life in Mines," and the other is headed, ** To 
Prevent Loss of Life in Mines." In the original document, these two 
branches are arranged side-by-side — the one occupying the lefl-hand page, 
and the other standing opposite to it on the right-hand page. In now 
printing the work we have departed from this arrangement, but we have 
clearly marked the distinction by the employment of ordinary Roman type 
for the conversational part of the paper, which treats on " pbevention," and 
italic type for the Author's remarks in proprid pereandf which deal with 
"causes." 



I.— IMPROVEMENT IN THE QUALIFICATIONS OF COLLIERY 

OFFICIALS. 

Sov: What would you suggest, father, for the ''prevention*' of catastro* 
phes in mines P 

Fatheb: Examiners or inspectors should be appointed at once, whose 
office and duties should be to examine all managers, overlookers, firemen, 
and deputies as to their knowledge of the atmospheric air, ventilation, mine 
gases, mines, and mining : each successfol candidate to receive a 1st, 2nd, or 
3rd class certificate, according to his abilities. 

Son : Then, examiners being appointed, all officials '' would have to pass*' 
an examination, and prepare themselves at once to gain certificates, time 
being given for the efficiency of all P 

Fathib : No colliery officials should hold office, say, after the expiration 
of ten years, except those who have passed a careful examination, and 
certificates of Ist, 2nd, and drd class abilities. Ten years' grace 
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wonld wear out all ihe old officials, and others, yonng and able, wonld have 
ten years' time for self-cnltore. Then, and not before, will the right man be 
found in the right place ; all would (if certificates were offered and required), 
endeavour to excel each other in knowledge, and manj successful candidates 
might obtain situations long before the expiration of ten years. 

Son : Suppose a fireman had to be examined, how would you proceed ? 

Father: I would proceed by asking these questions, and require such 

answer as follows each succeeding : — 

Examiner : Can jon read and write ? Fireman : I can ; and I have also a knowledge of 
arithmetic. — Examiner : Have jou a perfect and thorough knowledge of gases, &c. ? 
Fireman: Tes; and also of the atmospheric air. — Examiner: What do you know of 
gases? Firetnan: The atmosphere consists of twentj-one parts of oxygen, and 
serentj-nine parts of nitrogen in 100, or one part oxygen, and four parts nitrogen. — 
Examiner: What is the composition of firedamp? Fireman: It consists of four parts 
of hydrogen, and one part of carbon. — Examiner : Do you know the composition of 
(blackdamp) carbonic acid gas ? Fireman : It consists of six parts, by weight, of 
carbon, and sixteen parts of oxygen. — Examiner : You know, I presume, the composi- 
tion of after or choke damp ? Fireman : It is formed of one part of carbonic acid, 
two parts of water vapour, and eight parts of nitrogen. — Examinei^: Tou know, of 
course, the weight or spedflc gravity of such gases ? Fireman : The specific gravity 
of the atmosphere is 1*000; firedamp, 0'555 ; and blackdamp, 1*524. — Examiner: Do 
variations in the weight affect mines ? Fireman : Mines are affected by them in the 
following manner : firedamp being 0*555, it is only half the weight of the atmosphere 
(1*000), and, as such is the case, it makes its way up into every hole in the roof, and 
aU workings which are very high, to the top of which it rises, and to bring the gas 
down both a great force and quantity of air would be required. — Examiner : Does 
blackdamp also affect mines by its weight ? Fireman : Blackdamp being 1*524, is near 
one-third heavier than the atmosphere ; it settles downwards to the floor like mud in 
water, fills the lowest workings, and to bring it up therefrom both force and quantity 
of air are required, which, if it should be insufficient, will only pass through the gas, 
and not remove it. — Examiner : Very well, that will do for the present, but call to- 
morrow, and the examination shall be resumed. 

All other colliery oflBlcials should be examined in the same way on mining 
questions. 

Son : 0£B[cials thus qualified would have a thorough knowledge of their 
duties, and might prevent catastrophes which now frequently occur through 
their gp:'oss ignorance and inability P 

Father : Undoubtedly, for those in charge of mines, and the lives of men, 
should have a perfect knowledge of the nature of gases, ventilation, and the 
atmospheric changes, &c., which so often affect mines. This would be a step 
in the right direction towards preventing catastrophes in mines ; and if 
Gbvemment only took the matter in hand, a great improvement would 
speedily take place, for which ten years' grace would be ample time for all to 
prepare themselves. 

To the thinhmg portion of those engaged in mineSy it is a wdUlcnown and 
wndisputed fact that a great im/provement is much needed in the quaiificO' 
tions and abilities of colliery officials, a/ad one thai must take place "before 
we can hopefor^ or expect to see, a better state of things. By far the 
greater number ca/n neither read nor wriie, and many are ignora/ni in the 
eoBtreme as to the natural laws which govern the atmosphere. Ash if they 
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understand anything of the atmospheric changes^ how sttch changes affect 
mines^ and of the properties^ ^,, of mine gases, and you will fmd them 
totally devoid of all knowledge of these subjects — perfect acquaintance 
with which is so very essenHaZ to the proper and safe performance of their 
duties. 

As instances of thiSf I give the following : Forty lives were lost by an explo' 
sion of firedamp, and at the inquest I heard the Inspector of Mines ash 
the underlooker of the colliery, who was of twenty years* standing, if he 
knew the *^ cause ** of a mine ^'discharging** more gas at one time tha/n al 
another, and he relied, " Because some person might leave a cloth down** 
The question was put a second time, and the reply was thai '* a door might 
be left open" 80 much for his knowledge of the cause in the variaMon of 
gas discharged. At another explosuyn, in which sixty lives were lost, the 
underlooker, who was of twenty -one years* standing, said, '* I wiU tell you 
what, in my opinion, has been the cause of this explosion** Every eye 
and ear was open to have the mystery solved ; lie then gave it as his 
opinion that the smoke of the gunpowder had exploded^ and had afterwards 
to confess (when he had shown such ignorance, and caused people to lau^h) 
thai he neither understood the atmospheric changes nor mine gases. 

Can we expect or hope for a better state of things when such ignorance 
prevails even a/inongst those who have the control of mines ? No, never ! 

Employers, it is true, are obliged to have a certain number of firemen, and 
other officials, but men are frequently engaged by vmderlookers regardless 
as to whether they understand their duties or not. If only the specified 
number of firemen are ai work, irrespective of their capabilities^ the em- 
ployers are clear from the law. This should not be. 



II.— mPEOVBMENT IN THE CULTURE OF MINERS. 

Son : Should not miners, also, be better informed ? 

Fatheb : Yes ; Gbvemment should pass an Act similar to the Educational 
Act, making it binding, under a penalty, for all persons under twentj years 
of age, to receive annually a stated number of lessons in reading, writing, 
arithmetic, and the atmosphere and mine gases, &c. 

Son : Will not the Education Act have a tendency to improve young people 
employed in mines, as they will at least be able to read and write ? 

Fath£B : Yes, if only a law were made, making it binding, under penalty, 
to continue receiving lessons. 

Son : People say it is useless to educate young persons, because when they 
go to work they lose all they have learnt ? 

Father : That, in many cases, will hold good ; therefore, so much the more 
reason for Government making it compulsory for youths to continue their 
course of lessons even after they commence work, unless they have attained 
some standard capacity to be determined. I learnt, after a hard day's work 
in a coal mine, all I know. 

Son : That would be a great improvement on the present state of things, 
and the lessons might be obtained during their leisure hours. 
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Father : Each stndent must conimne to receive instmetion from his scliool- 
xnaster, or from some properly appointed tutor, until he has obtained that 
information which eyerj miner onght to possess. This would be another 
step in the right direction, from which a better state of things would soon 
take place, and much ignorance be removed, and loss of life and property pre- 
vented, and, at the same time, a good class of colliery officials woidd be 
obtained therefrom. 



Can we expect to see a good state of things when miners a/re ignorant and 
uneducated to a culpahle degree ? Very, very few can either read or writer 
for they seem to think of little else in tJieir leisure time but mam^fighUng^ 
dog-fighting, cock-fighting, race-^running, pigeon-flying, gambling, and 
drinking. If there is leisure time for wickedness and vice, there is Hme 
for mental improvement and self-culture. How many lives have been 
lost in mines by ignorant miners eternity only can reveal. 

The following wanton act, which is only one out of hundreds, took place <U 
the ThomhUl Oolliery, on the 27th December, 1871 : In the place where 
the deceased men had been working, lamps were found unlocked, others 
had their tops off, and in their clothes were found matches and lamp 
keys. Such is the present state of things in mines. Let the Qovem* 
m^ent m>ake a law to improve them, and we shall shortly have an 
improvement. 

III.— SUGGESTIONS FOR THE IMPROVEMENT OF INSPECTION. 

Son : Could not inspection be improved P 

Father : It could ; and catastrophes would be much oftener, and many 
more lives lost or sacrificed, no doubt, were it not for inspection ; but I think 
each inspector should (as their duties are so manifold), be assisted by a 
subordinate officer, whose province should be to inspect every part of the 
workings, not to order, compel, or demand colliery officials, but report only 
the state of things to his superior — ^thus, another danger might be removed. 



I have no doubt, by what Iha/ve been informed, many colliery officials allow 
things to get into a bad state when they expect no visit from, the inspector, 
and are only hept near the mark when visits are frequent. Once U is 
known that the inspector is coming to visit the colliery, great improvements 
by some managers are immediately commenced, such as enlarging airways, 
stoppings and doors repaired, the roof propped and barred, 8^. ^c. 



IV.— TO PREVENT OUTBURSTS OF GAS FROM THE FLOOR 
AND GOAF, WfflCH IS THE GREATEST DANGER IN MINES. 

Son : The greatest danger to contend with in coal mines is from the sudden 
outburst of gas taking place, emanating from the floor and goaf, and such, 
you know, father, might be prevented by a little expenditure P 
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Fatheh : Hundreds of lives have been sacrificed by sudden outbursts of gas 
from the floor and goaf, and miners are constantly working in jeopardy, when 
a small expense would remove the gas, and prevent the casualties. 

Son : How would you remove the danger, and prevent catastrophes from 
these outbursts ? 

Fatheb : I would erect an engine on the surface to pump gas out of the 
floor and goaf, through one large gas pipe from the surface to the bottom of 
the shaft (any of the shafts would do), and small branch pipes therefrom, laid 
in the floor of the workings to the extremity of the coal to be worked out ; 
the small pipes should be left in the goaf, buried in the floor, to prevent falls 
of roof in the goaf breaking them. The pipes left in the goaf must have open 
valves at certain distances, to take in the gas which might accumulate therein, 
such open valves being protected by stone walls built round them. See large 
plan No. 1. 

Son : That, no doubt, would do to take gas out of the goaf, but how would 
you drain off the gas from the floor ? 

Father : I would make boreholes in the floor at determined distances in 
the intakes, and fix a small branch pipe therein from the pipe passing along 
the return. The gas in both the floor and goaf would then be pumped out 
through the pipes along the roads safe to the surface by the engine working 
a gas cylinder, erected on the surface, and the gas thus obtained might bo 
made a source of profit. 

Son : Then, if the gas passed through the pipes from the floor and goaf 
safe to the sur&ce, the current of air would have very little gas left in it ? 

Father: Very, very little, and ar great source of danger would be 
removed. 

Son : The pipes left in the goaf to drain ofl* the gas would be lost, but the 
loss would be nothing when compared with the benefit and safety that would 
be derived ? 

Father: One length of pipes would be capable of draining, say fifty 
yards, on either side of it, and a four-inch pipe (and in many cases a less 
than four-inch would do) would cost 4s. 6d. per yard, or, in other words, 
expenditure of 46. 6d. in pipes would drain 100 square yards of goaf, a trifle 
not worth naming when we consider the great sacrifice of life and property 
that might be prevented. 

Son : Gbs pipes may be seen in the large plans, Nos. 1, 2, 3, and 4. 

Father : Just so ; and the plans show also the goaf ventilated with roads 
around the goaf, to convey the discharge of gas away safe to the upcast shaft 
by way of the returns, yet I know that this road round the goaf may be safe 
and good in some collieries, but it is not practicable in all mines. The pipe 
system is practicable, and may with safety be adopted in all mines dis- 
charging much gas. 

[By inspecting the large plan. No. 1, the engine on the surface, and pipes 
laid through the mine and along the goaf, may be seen.] 



I have had the management of mines when a fail in the atmogpheric weight, or a 
reduced preesure, has swelled and expanded gas out of the goaf, causing it 

IS 
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to overdmo tlie loorMngs, fiUing the airways and pony roads for hwndredi of 
yards. These sudden outbursts of gas occur without giving the least 
warning f and as quickly disappeaar. 

The goafisfvU of gas, and not only wiXL a reduced pressure in the atmosphere 
swell it out, hut a fall in the goaf will force it into the u>orhings and tram^ 
ways. 

All mines discharging much explosvoe gas ate, Wfire or less, subject to theee 
periodical ouibursts from the go<rf and floor, therefore a remedy for such 
would he the removing of one of the greaiest dangers that have to he con- 
tended with in mines. During the course of my experience, I have seen 
m>any large outhursts of gas from the floor and goaf, and most explosions 
attended with great loss qf life and property, ha/ve heen caused hy such in 
several mining districts. 

At the Stafford Main CoUieries, near Bamsley, a short time ago, an outburst 
of gas from the floor occurred, and so sudden was the irruption that an 
immiense volume of air was immediately brought to the firing point. In 
August, 1870, a second serious outburst of a similar character took place, 
when a hole teas hored in the floor to the depth of 7 4^ ft,, and a If -in. pipe 
inserted therein, well wrapped round to m>ake it firmly tight. To the end of 
the tube was attached a loaded val/oe and pressure gauge, and in a very 
short time a pressure of 110 lbs. to the square inch was indicated. A party 
of mining engineers afterwards conducted some experiments with the gauge 
and valve, to ascertain in how short a time the pressure of gas would accu- 
mtdatefrom hlowing off at zero to its maximum, when the gauge rose to 
10 lbs. in the first minute, to 7S lbs. in fifteen minutes, and then to 95^ lbs, 
at which point a leak occurred. — See Colliery Gaardian, December 23, 
1870. The same journal of January 12, 1872, states that another coUiery 
discharged from the floor 16,200,000 cubic feet of gas in nine hours, aikd 
stopped a current of 20,000yif. of air for the same length of time. 

How desirable, then, for the safety of all concerned, to have the gas in the floor 
and goof pumped out and hrought safe to the surface, for hundreds of cases 
similar to the above might he quoted. 



v.— GUNPOWDER AND SAFETY LAMPS. 

Son : We have had many explosions and mnch lose of life with gunpowder 
and blown-ont shots in mines where safety lamps are osed; what suggestions 
have yon for the safe working of such mines ? 

Father : The best safeguard is to clear the mine of the explosive power 
(gas) ; that is, remove the cause, and the effect will cease. Blow-out shots 
only cause explosions in the presence of gas, therefore, the fault is not in the 
shot, but with^the gas. I would suggest, then, for the safety of the workmen, 
that every underground manager adopt a similar plan to one I have adopted 
in all mines under my charge, where gunpowder had to be used, and in this 
respect it is only what I have done and am doing myself — that is, to carry a 
naked light through the airways about twice a month. This duty should be 
compulsory on all undergpround managers. If the manager is worthy of hia 
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situatioii, lie will understand the several degrees of the impnritj of the air, 
and, if unsafe for a naked light, it is equally so to explode gunpowder ; there- 
fore, his duty- would be to see that the current is pure, if only for his own 
safety, and finding it not so, at once to stop the explosion of gunpowder. 
This he must attend to, or get out the coal with hydraulic machinery, or some 
other substitute for gunpowder. 

Son : Then you would not allow the manager to transfer this naked light 
duty to the hands of a subordinate officer ? 

Father : No ; he himself only must attend to that duty. In him there is 
power to discontinue its use when there is the appearance of danger, but not 
so with others, for they might fear the loss of their situations, and, because 
of that fear, fail to show the real state of things when bad, and so go on, from 
bad to worse, until an explosion takes place. Yet, if there is no explosion, 
they only give themselves more and more license for neglect, until the air 
becomes so charged with gas that every life in the mine hangs upon one 
turning point, that is, if the furnace power should be diminished for a short 
while, a door left open for a moment, a fall in the airway take place, the 
temperature on the surface to rise and diminish the current (which it would 
do) in the mine, or a fall in the atmospheric weight (which would cause the 
letting-off of more gas), every soul would be suddenly sent into the spirit 
world. Let the undergp:'Ound manager take the responsibility, and pass 
through the airways with a naked light, because, as I have before said, if not 
safe for a naked light, it is not safe to explode gunpowder. Hundreds of 
lives are more valuable than one, and particularly so when that one is 
responsible for the wrong done. Only let this be a law of compulsion, and 
we shall have fewer lives lost with the use of gunpowder, because he would 
then attend to the current's purity by seeing that the airways are large 
enough, and the furnace of sufficient force, whenever gunpowder is about to 
be used. I have had a few slight explosions by allowing naked lights where 
gunpowder had to be used, but such explosions only took place by the work- 
man deranging the brattice cloth, causing gas to accumulate in his place, and 
as I always looked well to the purity of the air, the explosion only affected 
the person who ignited the gas ; therefore, the explosion not being able to 
spread, I have only had one death by the naked light system, and his death 
was caused by the man seeing and yet passing over a danger signal. There 
may, then, be slight explosions, yet such being slight wiU only be forerunners 
to compel managers to look well to the purity of the ventilating current, then 
an explosion cannot affect all, only the person who ignites the gas. 

Son : Are not many lives lost by explosions of gunpowder in drilling out 
the hole after missing fire ? 

Fathsb : Yes, undoubtedly there are, and if a *^ copper," instead of a steel 
drill were used, such accidents would not occur. 



Jf explosions a/re to be prevented in mines^ aiid tlie use of gwnpowder <md 
safety lamps continued, the responsibility of the purity of the current ought 
to be with the undergrau/nd manager^ wJio understands his duty, untU a 
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better class of undirgratiud officials are ohiaine^L We have too many 
ignorant and even reckless colliery offi^cials, wJu> allow things to go on^ 
growing ivorse a}id icorse, and giving themselves more and more hcejisef 
simply because they escaped an explosion <wi souie previous occasion whe9i 
things were in a most dangerous condition^ and, Icnoicing no explosion took 
place when it icas so bad^ tliey continue to go on, thinking aU will go weU, 
€Ufain and again^ until an explosion^ cutting short tJicir career ^ ooours^ 
sweeps into an untimely grave large numbers, and destroys an immense 
vahte of property. 



VI.— NTJMBBR OP SHAFTS AND VENTILATING POWERS 
REQUIRED FOR SAFE WORKING OF MINES. 

Son : It is the opinion of many people that if we had more shafts there 
would be less explosions P 

Father : An increased number of shafts might, in some cases, improve the 
safety, yet several things must be considered before making a law to compel 
colliery proprietors to sink more shafts. Some mines discharge more gas 
than others, and in other mines they can always have large airways, by which 
mnch air can be obtained, while, in others, the airways cannot be so large, 
because of the fisJling and heaving-to of the roof and floor ; consequently, if 
all had to increase the number of shafts, while in some cases it would only 
be right and proper, in others an injustice would be done. 

Son : What law, then, would meet the requirements of the case ? 

Father : Every ventilator should always have a surplus power at command, 
ready at any moment to increase the quantity of air when required to one- 
sixth larger than the ordinary circumstances, so that if 20-horse power would 
produce air to dilute the gas, 10-horse surplus power should be kept in 
readiness for an emergency. 

Son : Tou would have tJiis extra power of ventilation always ready, then, 
not at work, so that if the workings were extended more and more, it would 
only be because no cap of gas appeared in the current, or this surplus power 
was not required? 

Father : It should always be seen that the furnace power is able to do its 
work well, so that if the inspector called at any colliery and found a cap of 
gas in the current, it might be removed during the time he was in that part 
of the mine* 

Son : When this surplus power is required to remove the gas firom the 
extended workings, the duty of the manager would be to increase < y"i^ the 
furnace power accordingly ? 

Fathxr : Either to do so, or enlarge the airways, to produce more air, or 
afterwards open out new shafts. A surplus in the ventilating power is 
required, and should at all times be ready for the safe working of mines, and 
not go on extending the workings regardless of the furnace power; if not, 
we may expect catastrophes whenever there is a fUl in the atmospheric 
pressure, or a rise in the temperature on the sui&ce. This surplus power, if 
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always ready and attended to, would diminish the number of explosions, and 
another dan^r be removed. 

The purUy of the ewrent is often neglected ; and the funiaee power, while it 
should he greater than is required, is hept even below a proportion to the 
work required to he done for the safe working of the mine. And again, 
some managers keep extending and extending the workings, until the cur- 
reni is surcharged with gas, and yet with iw regard to the power of tlic 
furnace, its whole power heing at work, and showing its inability to keep the 
current dear hy the safety lamps heing now and again fiUed with flame. 
When such is the state of things, explosions may weU take place. If we 
were able to invent a mechanical ventUatar to produce double the quantity 
of air now produced, wider such management as the above, in a very short 
time things unmld he little or no better than they are now ; as the workings 
were extended^ the airways would be proportionately diminished, or m^jre 
workings added for the fwmace to ventiUUe, and so things would soon he as 
had as before. 

If, suppose^ there v>ere cdso an increased nuniber of shafts, the airways would, 
no doubt, he diminished aceordingly, with more workings again added, and, 
if so, the scfety of the mine would he iw better tlwn before, therefore the 
furnace power should be attended to. 



Vn.— HOW THE Am SHOULD BE CONDUCTED FBOM THE 

DOWNCAST INTO THE WORKINGS FOR THE 

SAFETY OF THE MEN. 

Son : Pore air, and not impure, should pass, I presume, through all tram- 
ways into the workings where the men have to travel and work, and repass 
with the coal P 

Fathbs : Just so. There is a right and a wrong way of conducting pure 
air to, and the gases away from the men, and through the workings of the 
mine. I will make this subject more clear by a simple illustration, so that 
you will better understand my meaning. Suppose a number of chemical 
works to be near a large population, who are affected by breathing impure 
air every time the wind blows from the works towards them, and in case a 
change takes place so as to blow the gases in an opposite direction, even if 
its force be only one-twelfbh of that which blew the g^ases to them, yet by 
this change of the wind aU would breathe a purer air, as no gas can force 
itself against the wind, be its velocity ever so small. And so, in like manner, 
is the ventilation of mines. The air should be conducted pure from the 
downcast along the roads where the men pass and repass with coal and to 
their work, and the impure air conducted safe to the upcast along such roads 
as are not in use or required for the men to pass backward and forward. If 
this way of conducting pure air into the workings be properly attended to it 
wOl greatly diminish the danger now existing in mines and prevent loss of 
life. 

[See large plan, No. 4, for this system of ventilation.] 
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TJierc 13 tw regard or regularity with some managers as to the way and 
manner of conducting gases and the impure air through the tvorkings of a 
mine, so tluU all the gases discliarged and swelled out of the goaf are 
thrown out into the tramroadsy by tahich every life in the mine is jeopardised. 
This should not he, if loss of life must he diyninished. 



Vm.— HOW TO VENTILATE THE WORKINGS. 

Son : What improvement would jou suggest for the yentilation of mines ? 

Father : The air should be divided, split, or separated into distinct currents 
or parts of (say) 4000 to 6000 ft. of pure air for each separate division. By 
splitting it into parts, the explosive power, gas, is prevented from collecting 
in large quantities. If 100 ft. of gas were discharged per minute from one 
group of miners, 500 fib. might be discharged in the workings of five groups, 
and to ventilate all that with one current, the whole volume of 500 ft. of gas 
might be exploded at once, but onlj one-fifth if ventilated separately, and so 
the power of the explosion would be reduced to one-fifth, the amount of choke- 
damp left by the explosion would be reduced to one-fifth, the route the explo- 
sion would spread would be reduced to one-fifth, the danger to life would be 
reduced to one- fifth, and the number of doors to less than one-fifth ; there- 
fore, if loss of life and property is to be prevented, dividing of the air must be 
adopted, because the danger lies in the gathering and exploding of too large 
a quantity of gas. Divide, therefore, the air, and you divide the explosive 
power, gas. 

Son : The dividing of the air would prevent outbursts of gas from passing 
into any working place but the one in which it is discharged. 

Father : Just so ; therefore only one working place would be affected by 
it, not all, and the quantity of gas discharged might be too large in mixture 
for the quantity of air in the said division, by which the explosive power (if 
one did take place) would be diminished accordingly, as the power of an 
explosion is in proportion to the mixture as well as the quantity of gases 
discharged. 

Son : By the dividing of the air, would not the velocity of the current be 
also diminished ? 

Father : Yes, and there would be less danger of propelling the flame of 
the lamp through the gauze, for there is very great danger of doing so when 
the current passes through the airway at a great velocity. Great loss of life 
would be prevented by dividing the air. 

[See the large sheet plans, Nos. 2, 8, and 4, for the dividing of the air, and 
for supplying each tramway with pure air.] 



If SOfiOOft, of air pass through five working plaices in one continuous rouie^ 
aU the five places would he affected by on explosion, because each a/nd 
every part accumulates gas in the current in which the explosion takes 
place, a/nd, as all are ventilated by it, aU would in like manner be affected* 
Among the first group of miners M the air enters, after which U leaves 



Plau D. 




FUH A. 
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ilMt group or place and passes on to the second, and so on to the fifth. In 
the first place, the nien are well ventilated, and may he considered safe, 
provided that air and gas be not allowed to pass over a burning fire or furnace. 
In the second place, they are less safe, from the fact that all the firedamp 
accumulated in the first place goes direcUy in a cun'ent upon the second 
group, then proceeds on to the third, fourth, and fifth, gathering and accU' 
mulaUng ga>s as it poMes around each place. Who, indeed, does not see 
that the miners in tlie fourth and fifth places are liable at any moment to 
he destroyed by an explosion of firedamp ? One part of the mine would be 
filled with raging fiames, arid the men scorched to death, in another they 
would be hilled instantaneously by the explosion of hot air and gases, and 
in other parts they tootUd be suffocated by the noxious gases left after the 
explosion. 

Plan A shows (he one cun'ent system of a mine in which an explosion took 
place, and 189 lives were lost. 

The arrows show the parage of the air; it commences its route at No. 1, 
from there it travels ott the south level to No. 2, from there to No. 3, from 
there back to No. 4, then onward to No. 5, back again to No. 6, frojn there 
onward to one of the working faces at No. 7, then it is conducted back to 
No. S,from there to the face of one of the narrow workings at No. 9, it 
then returns to No. 10, from there to the face of another working place at 
No. 11, then it returns to No. 12, it then enters the narrow working place 
at No. 13, and comes back again to No. 14. What a great route air 
travels by this mode of ventilation, yet, if the route extended as far, from 
tJie downcast through the workings to the upcast, as one end of the river 
NUe is far fro^n the other, go it must if only it can travel. There is no 
alternative with some managers but one continuous route, which imist coU" 
duct explosive gases into all parts of a mine. It will be seen that the air 
has yet to travel in and out from No. 14 to No. 22 ; and is it to bo 
wondered at tliat explosions and loss of life are frequent when stuih modes 
of ventilation as this are tolerated ? 



IX.— STRENGTH OF STOPPINGS AND AIR CROSSINGS. 

Son : Should not stoppings and air crossings be strong enough to resist 
the power or force of an explosion ? 

Fathbb : Yes, for many lives have been lost by after-damp, which the air 
would have removed at once, and without loss of life, had not the stoppings 
and air crossings been blown down. 

Son : In all mines, then, discharging much explosive gas, they should be 
strong enough to resist the force of an explosion ; and, if so, the men would 
be safe (or much more so) from suffocation. 

Father : Just so. Stoppings, instead of being formed by straight walls, 
should be constructed of two semi-circular walls, filled in with earth, so that 
instead of.being blown down by an explosion, they would become all the more 
tightened, and thus render loss of life from this cause a thing not to be 
feared. 
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Son : I anderstaad you, father, perfectly ; bat how wonld yon make air 
crossings strong enough ? 

Father : In some oases it wonld be well to make a tnnnel or drift in tho 
roof over the intake ; bnt in others a large plated iron circular tnbe wonld be 
better than a tnnnel, and should be of sufficient strength of plate to resist the 
force. 

Son : And would you not also have the stoppings at the end of this circular 
tube air crossing built in a semi-circular form ? 

Father : Just so ; because both they and the tube would present a semi- 
circular face, no matter in which direction the force of an explosion might 
come. If it were made compulsory to do this in all mines discharging much 
explosive gas, smother great danger would be removed. 

[See plan No. 6 for air crossings and stoppings.] 



A ffi'eat nmnher of stoppings are hUnoii outy and air crossings destroyed^ hy 
the force of explosiojis, and when siich is tJie case, many lives are lost 
through suffocation, Sttch air crossings are hlmvn doxcn at once^ hecatise 
they are only made of a feta hoards and bricks, and when an explosion 
occurs, the greater number are the victims of after^damp, which can only 
he removed hy the current, hut its passage having been blown up, through 
the stoppings aiid air crossin-gs iiot having been of sufficient strength, the 
air returns to the vpcast without being able to effect its purpose. 



X.— BRATTICE CLOTH, AND HOW IT SHOULD BE FIXED TO 
REMOVE GAS FROM HIGH WORKING PLACES. 

Son : Has not great loss of life been the result of explosions caused by 
ignorant firemen, deputies, <fcc., not understanding the nature of gases, and 
how to remove them ? 

Father : Undoubtedly ; and every fireman, deputy, and underlooker should 
have a knowledge of the respective gravity and velocity of air and gas, and 
always be guided thereby ; and in fixing brattice cloth to propel light gas 
from any high place, the cloth should be so arranged that the larger space 
will be in the air going to the gas, and the lesser space in its going from it, 
so that the requisite " force " may be obtained in the return current ; if not 
so arranged, explosive gas being much lighter than air, the air will pass 
through it without bringing any away. When this is not attended to, which 
is often the case, miners work in momentary jeopardy of their Kves, while the 
danger might be removed so simply. Therefore, firemen should see that 
there is force in the current in coming away from high working places, and 
such being the case, there is no danger of an explosion from this source. 

[See large plan No. 5.] 



It is my opinion that many lives have been sacrificed, arid many more are 
often pliieed in jeopardy, l/y men liaving to vorl' in e,rplosive gas, when a 
hio^vledge of tJiose laws which govern the atmosphere wmdd at once remove 
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the danger, I have frequently had to remove gas when the firemen have 
seen no possible way of doing so, a/nd all through the want of a knoivledge 
of these very laws. 



XI.— BRATTICE CLOTH ; ITS USB AND ABUSE IN THE] 

WORKItTG OF MINES. 

Son : Should not working places requiring brattice cloth be in short 
distances between the cut-throughs for removing gas from the face ? 

Father : Yes ; bratticing will remove gas from the SsLce if used to a limited 
extent, but it is now often changed from its use to its abuse ; therefore, that 
which was first used to remove danger is now, by its abuse, the cause of 
danger. 

Son : How is brattice cloth the cause of danger ? 

Father : Because in narrow places cut-throughs or openings are too few ; 
for, while there should never be a greater distance than from 20 to 80 yards 
on the level, and a shorter distance in up-brows, there is often a distance of 
60, 80, and even 100 yards between, and this for the paltry purpose of saving 
a comparatively trifling expense. Gas accumulates at the face, and brattice 
cloth, even when properly fixed, is unable to remove it at such a greskt 
distance, therefore its abuse is the cause of danger, and not unfrequent loss 
of life. I would recommend that Government prohibit the practice of long 
bratticing, and not allow an excess of 30 yards of brattice cloth in any one 
place. If this were attended to, and also seeing that no narrow place when 
finished become, as they often do, a magazine for gas — ^for in mining there is 
great danger of the same becoming such, and loss of life the result — smother 
danger would be removed, and tend greatly to the safety of mines. 



Wh^n narrow places are broMiced, for 60, 80, or 100 yardsy it is impossible 
to keep them clear of gas, and if work is proceeding in five or six plaices 
near each other, an explosion in one place would explode the gas in aU^ 
and, this being the case, the power of siich an explosion would be very 
great. Oovemment ought to forbid such a practice, [Long bratOcmg 
may he seen on the large sheet plan No. 5.] 



XII.— SAFER TO PROPEL AIR DOWN INTO A MINE THAN TO 

PUMP OR EXHAUST IT OUT. 

Son : If a mechanical ventilator is employed to pump air out of a mine, is 
there not more danger than if it propelled air down ? 

Father : There is great danger if employed to pump air out, because, if the 
airway suddenly closed up, every stroke of the engine would empty out air, 
and by so doing would diminish the weight from ofif the pent-up gas, by which 
the gas would swell out from the strata, the goaf, every hole in the roof, and 

f 
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all working places, and might so suddenly fill the mine that an explosion 
would be imminent ; bat if, on the contrary, employed to propel air down 
into a mine every stroke of the engine would press more and more weight 
upon the pent-up gas, and thus give time for the men to escape when danger 
appeared. The subject of *' propelling" currents of air through the workings 
has been the cause of much controversy ; that subject is fully explained in the 
" Conversations on Mines." 

Xin.— WHEN FURNACES SHOULD BE SUPPLIED WITH 

"PURE" AIR. 

Son : Should not the furnace be supplied with pure air P 
Father : The furnace should be supplied with pure air in all mines dLs- 
charging explosive gas, because if an explosion should take place at the fur- 
nace, few people, if any, in the mine, would escape. My father was lost by 
an explosion at the furnace, and the mine in which it took place was worked 
by the one-current system. Government should prohibit the practice of sup- 
plying the furnace with the return current where safety lamps are used, 
which would be the removing of another great danger. In mines where 
candles are used there would be no danger in supplying the furnace with 
the return current. 

XIV.— MEN ASCENDING AND DESCENDING BY THE 

FURNACE SHAFT. 

Son : The heat in furnace shafts being so very high, what would be the 
result if an accident were to occur through the cage being stopped in the 
shaft? 

Father : In some shafts the temperature varies from 100 to 150 degrees 
or more, and should such an accident occur in a shaft of this temperature, it 
would be certain death to ail the occupants of the cage. Workmen should 
never be allowed either to ascend or descend a shaft that has a temperature 
of or above 100 degrees, and then an accident could not occur from this 
cause. 



I have for years esepeded to hear of accidenta by suffocaiion in fumaoe ehofte^ 
afl^d Joseph Diekineon, Esq,, inspector of mines, also stated in his evidence 
before the Select CovMnittee on Mines that " he believed there would &e, 
sooner or later , a ntmber of men suffocaied in furnace shafts" 



XV.— WHY FURNACES SHOULD BE FIXED IN AN ELEVATED 

POSITION. 

Son : Would it not b^ betfcer, father, for furnaces to be fixed in a shaft of 
elevated position ? 

Father: It would, as explosive gas is so light that its tendency is to 
ascend, and the current also, having become warm and impregnated more or 
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less with gas, has a tendency to go upwards, therefore neither of them can 
be propelled downwards very well ; and where the practice of propelling 
them dowDwards to the npcast is followed, the danger of the mine is 
increased, because the gas, being driven against its natural tendency, will 
lodge in eyerj possible place where the current is not strong enough to get 
at it and carry it along ; but if the upcast be in an elevated position, gas 
would ascend to it without even the force of the current, which conclusively 
shows the necessity of upcast shafts being elevated. But if th^ upcast shaft 
cannot be placed in an elevated position, a current of air should be sent to 
the highest point of the goaf, so that the gas in the goaf might be drained to 
that point, and pass therefrom along the return to the upcast, thus draining 
the gas from the highest point of the goaf, as water is from the lowest by 
pumping; this will prevent any accumulation of gas taking place in the 
goaf, and thus another danger is removed. 

XVI.— THE BEST SAFETY LAMP TO USE. 

Son : Which do you consider, father, are the best kind of safety lamps ? 

Father : Where safety lamps are required to be used, it would be best to 
nse only those kinds that cannot bo opened by miners without extinguishing 
the light, such as Stephenson's, constructed with air passages to admit only 
just the quantity of air required to feed the flame, and if an explosion should 
take place within the lamp, it would enlarge the flame, and as an enlarged 
flame requires more air to feed it than the passages can admit, it would die 
out for the want of air, just as a person would die for the want of food. Such 
lamps have been the means of preventing accidents scores of times, and the 
best safety lamp to use is, in my opinion, Stephenson's ; and making it com- 
pulsory for such lamps only to be used, would be another step towards the 
improvement of mines and the safety of workpeople. On the 20th of Feb- 
ruary, 1872, an improved safety lamp, invented by Henry D. PlimsoU, Esq., 
of London, was subjected to some severe experimental tests, performed by 
Mr. William Utley, underviewer at the Wombwell Main Collieries, Bamsley, 
the inventor (Mr. Plimsoll) and myself, with other friends, and the issue of 
the experiments was so successful that I have no hesitation in giving an 
opinion to the effect of its being the best safety, lamp yet invented, as the 
following qualifications, v^hich were fully borne out by the results of the 
tests, will amply show : — (1.) It is very sensitive to gas. (2.) The moment 
an explosion takes place within the lamp, its light is thereby extinguished. 
(8.) By unscrewing the lamp- top the light is extinguished, therefore there is 
no inducement for miners to tamper with it. (4.) It gives a very much 
clearer and purer light. (5.) The force of the current cannot extinguish its 
Kght, be the velocity ever so great. (6.) Should an explosion take place 
within the lamp, there is no possibility of the current propelling the flamo 
outside. As the experiments have been made since I penned my opinion in 
favour of Stephenson's lamp, I felt bound, both injustice to Mr. Plimsoll and 
myself, to make the foregoing remarks, as the results of the experiments 
were such as to leave no doubt of its superiority over all others I have yet 

FCCll. 
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XVn.— LOSS OF LIFE FROM FALLS OF ROOF AND GOAF. 

Son : The nature of the roof is not, I believe, father, the same in all 
mines P 

Father : No ; neither are coal and floor alike in all. 

Son : If so, the same plan of working that may be pursued with safety and 
economy at one colliery, could not be pursued at another P 

Father : The nature of the roof in some mines is such that if wagon roads 
are cut in the whole coal in advance of any other place, it will fall, while in 
others it is quite the reverse. Ghreat caution and care should, therefore, be 
exercised to keep the roof whole in wagon roads, as neglect cannot but result 
in loss of life. 

Son : Then it is not safe when the roof is broken either in the working 
places or the wagon roads by the cutting out of coal here and there, as it 
were, at random. 

Father : The roof^ as much as possible, should be kept whole for both 
economy and safety, therefore tramways or wagon roads should be cut, as 
shown in plan B ; that is, to the extremity of the coal to be worked out, and 
then get the coal back from the extremity, which ensures the roads being 
safe and good ; or work out the coal from the commencement to the extremity, 
as shown in plan 0. If the lives of miners are to be protected from falls of 
roof and coal, such, or similar modes of working coal must be adopted. The 
^oof must not be broken by the getting out of large blocks of coal here and 
there, leaving large pUlars to be worked afterwards, which can only be 
accomplished at the almost certain loss of life. 

Son : Are not the roof and coal very peculiar at some coUieries, and full of 
ttattiral joints and divisions P 

Father : Yes, and they are so difficult to detect that falls will occur unex- 
pectedly unless great care is taken. 

Son : In mines having roofs with these peculiarities, and yet so difficult to 
detect them, the danger and probable loss of life must be increased very 
much if people employed in them have not a thoroughly practical knowledge 
of how to work them. 

Father : Workpeople are constantly changing from one colliery — with a 
good, strong, safe, rock roof — ^to another treacherous, frdl of natural joints 
and divisions which fells unexpectedly, and lives are often lost by falls which 
would not have taken place had they had that knowledge which is to be 
derived from a constant habitual worldng of them. 

Son : What would you suggest for the better and safer working of mines 
having roo& of such a treacherous nature P 

Father : A person, or persons, possessing a thorough knowledge of them 
from years of constant employment in their working, should be appointed as 
roof examiners. 

Son : Would you make those examiners prop and bar the working places 
for the men, and the employer be responsible for accidents which might 
occur P 

Father : No^ I wotdd make the manager responsible if he did not appoint 
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a person to examine wlio nnderstood the nature of the roof and his duties 
well, and see that the examiner wrote a report showing every day what 
orders he had given to the workmen in his district, bnt the workmen must 
be responsible for any accidents which might occnr afterwards. 

Son : Why not throw the responsibility of propping upon the employer ? 

Fathkb : I have several reasons for not doing so. If every working place 
required propping regularly, one place first, then another after, in a systema- 
tical way, then the examiner might prop and bar the places. It is not so. 
If a roof examiner were appointed to prop a certain number of places, no 
place might require him at one time ; then, two or three come at once, and 
before he can finish those, five, six, or all the places might require him at 
once ; he then would have too many irons in the fire, and because he could 
not split himself up into parts and be in all places at one and the same time, 
if an accident occurred in any one place and he not there when required, he 
would be imprisoned and the employer heavily fined ; therefore, to be safe, 
one person as examiner must be appointed to sit and wait in every place 
until required ; this would not do, the workman must prop for himself his 
own place, as he undermines the roof in the absence of the examiner. 

Son : Then you would have examiners to see every workman's place only P 

Fatheb : Just so ; and inform the workman how, and where, to fix his 
props and bars, and see that he is provided with timber (all he requires) free 
of cost. 

Son : Tou would not, I see, prevent the workman fixing his own timber ? 

Father : No, only he must be careful to fix his props in the places ordered 
by the roof examiner, and as many more as he may think necessary for his 
own safety, and many a life would be saved — ^thus another danger would be 
removed. 



In some mitiee there is no reguldribj tdhaiever in the nwcle of getliiig out the 
coal, workiiig it out front any place, here^ there, and anywhere, of which 
mode Plan D is a representaiion ; large blocks of coal, as shown in this 
plan, are left hetweeti two goafs or gobs, aiid to work these blocks of coal 
out, there is not only imminent danger of life being lost, btit heavy 
expenditure and loss of coal. 



xvin. 

Son : What would you suggest for the prevention of accidents from the 
breaking of ropes, overwinding, and peg-top or conical drums P 

Fatheb : I would suggest, for the prevention of accidents from the 
bres^king of ropes or chains, the compulsory use of safety cages in every 
place where practicable, and not to allow more than half the load of persons 
to that of ooal to come up. 

XIX. 

I would suggest the use of the spring hook safety catch or disengaging 
apparattis for the prevention of accidents from overwinding. 
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And for greater safety, in the use of peg-top or conical drnms, I would 
suggest that they be placed as straight as possible, to prevent the slipping of 
the rope. 

Since in^iiing the note on oppogUe page, vnth reference to peg-top or conical 
drums, lam (through the time for sending in the competUive essays having 
been postponed) in a posUion to give an instance, unfortunately aeeoni' 
panied with fatal result, which shows the urgent necessity for improvement 
in regard to peg-top or conical drums, which is as folhws ; — Thonuis Bos- 
hotham was killed at the Baydoch CoUieries by the slipping of the rope of 
a cimical drum, on the 22nd of January, 1872, and, at the inquest on the 
body, the inspector of mines, P. Higson, Esq., said ; I inepeeted this drum, 
which I had noticed before, and remarked something about it. I never 
think them safe if they rise at all, and I hope we shaU have, before the 
close of this session, a law to reach such cases. 



XXI. 

Son : Ought not the furnace to be more strictly looked after than is often 

the case ? 

Father : Improvement is needed in that regard. A furnace detector ought 
to be fixed in all mines discharging much explosive gas, which would show 
any irregularities in the ventilation or the furnace in time for their being 
remedied before an accident could take place. 

XXII. 

Ever? furnace-man should have a barometer fixed near the iumace, so that 
he might see at a glance when a fall in the atmospheric weight takes place ; 
and there should also be an alphabetical telegram fin^m the surface to the fur- 
nace, to inform him when a rise takes place in the temperature above, so that 
he might increase the furnace power accordingly. 

XXIII. 

A barometer and a thermometer should be fixed at the top of every mine 
from which explosive gas is discharged, so that each official could at once see 
the changes of the atmosphere, from which they would know when danger 
was near. 

XXIV.— HORIZONTAL GALLERIES OR SEAMS OP COAL. 

Son : Is there not great danger in the way in which horizontal galleries or 
seams of coal are worked out from one and the same shaft ? 

Father : There is ; and I would suggest that the mouthing in the shaft be 
fenced round, to prevent persons, coal, and dirt falling down to the bottom of 
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the shaft, as I have kaown lires to be lost by reason of not having had this 
protection. 

XXV.— GUIDES OR CONDUCTORS IN SHAFTS. 

Son : Every shaft (except sinking shafts) should have, I presume, oon- 
ductors to keep the tub steady when people are wound up and down ? 

Fathbb : Yes, the tub should be guided by conductors, for lives have been 
lost by its swinging first to one and then the other side of the shaft, causing 
its occupants to fall out, and smashing them to pieces. 



XXVI.— SHAFTS TO BE WALLED WITH BRICKS OR STONE. 

Son : Many shafts, although they have been sunk through soft earth, are 
not walled round ; now, should not all those parts where there is no rock be 
walled? 

Father : Yes, every part of a shaft in which there is no rock should be 
walled, and supported with iron or wood rings at stated distances, not to 
exceed four yards, and if this were well done, accidents from falls in shafts 
would be a thing of the past. 



I have had relations^ and known many others, lost hy the falling in of shafts^ 
and I have myself had many hair-hreadth escapes of losing my life, and 
the cause of this is supporting, or rather attempting to siipport, the soft 
sides of the shaft with hoards or timber. 



XXVIL— CROSSING AND RE-CROSSING THE PITEYE. 

Son : For the safety of workpeople, there should, I think, father, be a 
separate passage cut near the shaft, to prevent the possibility of accident in 
crossing over from one to the other side of the piteye. 

Father : Yes, there should, for in winding coal, &c., there is g^reat danger 
when people cross the piteye, and a separate road would do away with this. 



XXVIIL— FIRING SHOTS. 



Son : Do you consider it safe, father, to charge two or three shots in one 
working place, and only explode one of them ? 

Father : I do not, and to prevent accident the ends of the fusee should be 
placed in clay when it is intended to fire only one. 



I have hnown accidents from firing one shot when two or three have been 
charged, the flame of the exploded shot igniting the fusee, and the Tnen not 
being aware, entered tJie place just as the other fired. 
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XXIX- —PLACES OF REFrGE. 

SoH : Places of refuge on inclines have to be provided every twenty yards ? 

Fathsb : Yes, that is the law. 

Sos : But do yon think that is sufficient in very steep inclines ? 

Father: No, I do not; they should vary in proportion to the slope. 
Twenty yards is ample in a slope of (say^ one in twelve, but in a slope of one 
in three a person is more likely to fiJl, and, consequently, there is greater 

danger. 

Sos : Yet, as the law now stands, the distance in each and all slopes is the 
same, and, if the wagons were to break loose in a slope of one in three, the 
speed at which they would run would not give time for escape, therefore I 
think places of refuge in these slopes should be more firequent, or vary in 
proportion to the slope. 

Father : Yes, undoubtedly they should. In slopes of not more than one 
in eight, twenty yards would do, but from that dip to one in four, fifteen 
yards ought not to be exceeded, and at a distance of not more than ten yards 
in a slope of one in three. This would meet the requirements of the case, 
and might put accidents from that cause out of question. 

XXX. 

Eveiy colliery should have two shafts, with a good passable road firom one 
shaft to the other, in each working mine or seam. 

XXXI. 

In addition to the Oovemment Inspector, the workmen at every colliery 
should have power to appoint a competent person, that is, a person well 
informed in mining, to inspect the workings in which they are employed ; 
such person to inspect every part of the workings in a friendly manner, and 
give advice, if required, for the safe working of the mine. 



The many terrible catastrophes, and the great sacrifice of life and property, 
have induced me for years past to do all in my power to improve the condition 
of mines. For this reason, I was led to publish my little work, from a 
careful perusal of which it will be seen that I have, to the best of my ability, 
and in as simple and concise a way as possible, shown how things should be 
conducted for the safe working of mines. I have now spent over forty-one 
years of my life in working in and managing mines, and, from the experience 
that I have gained, feel confident that if the suggestions contained in the 
foregoing essay were fuUy carried out, together with a rigid observance of 
those rules hereunto annexed, accidents would be very few and far between. 

I ^ow, in concluBion, submit the foregoing essay for perusal, and. while I 
fool fully ahve to the fact that imperfections will be found therein, I am also 
conscious that I have done all that my knowledge could devise, or my 
experience suggest, m endeavouring to show how, in the most practical and 
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eoonoimc way, to make mines so safe that, instead of accidents being of the 
frequent occnrrence that they are now, they would be very rare indeed. ' 

The following rules, I submit, if properly attended to, will also prevent 
accidents uid loss of life : — 

GENERAL RULES. 

1. An adequate amount of yentilation shall be constantly produced in all 
coal mines or collieries and ironstone mines, to dilute and render harmless 
noxious gases to such an extent that the working places of the pits, levels, 
and workings of every such colliery and mine, and the travelling roads to and 
from such working places, shall, under ordinary circumstances, be in a fit 
state for working and passing therein. 

2. All entrances to any place not in actual course of working and extension, 
and suspected to contain dangerous gas of any kind, shall be properly fenced 
off, so as to prevent access thereto. 

3. Whenever safety lamps are required to be used, they shall be first 
examined and securely looked by a person or persons duly authorised for this 
purpose. 

4. Every shaft or pit which is out of use, or used only as an airpit, shall be 
securely fenced. 

5. Every working and pumping pit or shaft, shall be properly fenced 
when operations shall have ceased or been suspended. 

6. Every working and pumping pit or shaft, where the natural strata, 
under ordinary circumstances, are not safe, shall be securely cased or lined, 
or otherwise made secure. 

7. Every working pit or shaft shall be provided with some proper means 
of communicating distinct and definite signals from the bottom of the shaft 
to the surface, and from the surface to the bottom of the shaft. 

8. All underground sel^acting and engine planes on which persons travel 
are to be provided with some proper means of signalling between the stopping- 
places and the ends of the pkmes, and with sufficient places of refoge at the 
sides of such planes, at intervals of not more than twenty yards. 

9. A sufficient cover overhead shall be used when lowering or raising 
persons in every working pit or shaft, where required by the inspectors. 

10. No single-linked chain shall be used for lowering or raising persons in 
any working pit or shaft, except the short coupling chain attached to the cage 
or load. 

11. Flanges or horns of sufficient length or diameter shall be attached to 
the drum of every machine used for lowering or raising persons. 

12. A proper indicator, to show the position of the load in the pit or shaft, 
and also an adequate brake, shall be attached to every machine, worked by 
steam or water power, used for lowering or raising persons. 

18. Every steam boiler shall be provided with a proper steam gauge, water 
gauge, and safety valve. 

14. The flywheel of every engine shall be securely fenced. 

15. Sufficient boreholes shall be kept in advance, and, if necessary, on both 

sides, to prevent inundations, in every working approaching a place likely to 

contain a dangerous accumulation of water, 

o 
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SPECIAL RULES, 

1. Descending and ascending Pits. — ^No workpenon sliaU descend the pit 
oontrarj to the directions of the banksman, or ascend contrary to ' the direc- 
tions of the hooker-on. Nor shall he go down or np with a gre^.ter nnmber 
of persons at a time than shall be specified in a notice placed near the top of 
the pit ; nor on the top of a cage, or with a cage contaioing a fnll load of 
tnbs, nor npon a fall tub, nor against a fall tub, nor until the proper signals 
have been given and distinctly understood. Nor shall he take any loose 
material down or up the pit, unless it be securely placed in the cage or tub. 
He shall not be under any pit's mouth whilst the cage or tub is in motion ; 
nor shall he leave open any rail or other fence at a mouthing or opening into 
a shaft or sump. 

2. On going to Work. — ^Every workpenon shall obey strictly the directions 
of the underlooker, or other officer, under whose control he may happen to 
be, as to the work required to be done. He shall work only where they 
permit, and shall not go into any part of the workings, except such as he may 
necessarily pass through in going to and from his work. 

3. Firedamp and Signals. — If firedamp has been found in any of the shaflB 
or workings, no workperson shall proceed further than the station to be 
appointed for that purpose from time to .time, until the underlooker or fire- 
man has been through the levels, workings, and travelling roads, to ascertain 
that they are safe. If any part is found unsafe from firedamp, or from any 
other cause, the underlooker or fireman will put up in some conspicuous 
place, at a sufficient distance from the point of danger, a well-known signal, 
or a board, on which shall be legibly painted, on a black ground, the word 
'^fire," facing the entrance. No workperson shall pass beyond such signal, 
without thf> special directions of the underlooker or fireman. If the place be 
iftfe, the underlooker or fireman will put a well-known signal, or the other 
side of the board painted white, facing the entrance, by which the workperson 
shall know that the place has been examined and found safe for him to enter. 
If the place be safe, he shall remove the signal or board to a place appointed 
by the fireman, for use the next day. 

4. WorJqfersons to examine for themselves, — In addition to the examination 
by the underlooker, fireman, or other officer, each -workperson must satisfy 
himself of the safety of his own working place, before commencing work, both 
at the beginning of a shift, and after any intermission of working, and whilst 
at work. 

5. Safety Lampt.— Whenever safety lamps are required to be used, no 
workperson shall use, or attempt to use, any such lamp, until it has been first 
elamined and locked by a person duly authorised ; and at the beginning of a 
shift, or after any intermission of working, no workperson shall enter his 
working place with any light except a safety lamp ; and every workperson, 
upon being ordered by the underlooker or fireman, or other officer, shidl cease 
to use in the pit in which he may work any naked light, and shall withdraw 
from the place until he be provided with a good safety lamp, with a proper 
look, and which shall have been examined and looked as aforesaid. If the 
lamp become damaged or extinguished be shall not open it, but shall take or 
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bend it to the appointed station, and the proper officer bhall either provide 
him with a fresh lamp, or nnlock and relight it ; or if the gauze of his lamp 
becomes smeared with oil, or clogged with dnst, he shall cease using the lamp 
until it shall have been properly cleaned ; and no oversight on the part of the 
person authorised as above shall be an excuse for any workperson having in 
the mine an open, unlocked, insecure, or defective safety lamp. 

6. Firedamp and FcUl of Roof. — ^No workperson shall enter any place 
known or suspected to contain firedamp except with a safety lamp, and then 
only under the special directions of the underlooker, fireman, or other officer 
in charge of the pit ; and when approaching any place suspected to contain 
firedamp, and also when taking props likely to occasion a fall of roof, and 
give off firedamp, he shall cease using any naked light in such place, and 
immediately give notice, and apply to the proper officer for a safety lamp. 
If he strike through into any old working suspected to contain firedamp, or 
other noxious gas, he shall at once stop up the hole, and inform the officer in 
charge. 

7. On getting into Firedamp, — ^Any workperson getting into firedamp 
shall not throw away his lamp, or attempt to blow it out, but shall hold it 
near the floor, extinguish it by drawing down the wick, avoid jerking the 
lamp, and steadily retire with it into the fresh air. 

8. Leaving Lights amd firing Gas, — ^No workperson shall leave any light in 
his place of work, or in any part of the workings, unless it be under the care 
of some other person remaining therein ; nor shall he light a blower or accu- 
mulation of gas. 

9. When to fire a Shot, — ^Whea safety lamps are partiaUy used, and 
blasting is permitted, no workperson shall fire a shot until he has first care- 
fully examined the air in that particular place; and if it is in the least 
explosive no blasting shall take place until the cause of danger has been 
removed. Where safety lamps are exclusively used, no shot shall be fired 
except in the presence and by the direction of the fireman or underlooker. 

10. Powder and missed Shots, — No workperson shall take down the pit any 
gunpowder or blasting powder, unless it be secured in a flask or horn — and 
only a sufficient quantity for one day's use — nor drill out a shot that has 
missed fire, except with a copper drill or water ; nor shall he approach any 
charge or shot, until at least ton minutes after such charge has missed fire. 

11. Smoking Tobacco, 8fc. — In those places where safety lamps are used, no 
person shall smoke tobacco, or take any match into the pit, or open his lamp, 
or try a place with a naked light to see if it contain firedamp, or, where pro- 
hibited, use gunpowder. 

12. Spragging and Frop^ng, — Every collier and miner shall set a sufficient 
number of spraggs during holing, and shall, where necessary, securely prop 
the roof of his place ; and if, upon application to the underlooker or firemen, 
he should not be provided with sufficient spraggs and props he shall cease 
working, and report the same to the manager, or at the general office. 

13. Boots and Vefitilation. — No workperson shall injure or interfere with 
any aircourse, brattice, or stopping, or leave open any door which he found 
shut, nor do anything to check the ventilation of the mine, or damage tho 
property of tho owner. 
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14. Fumacemen, — Every farnaceman shall carefully attend to the furnace 
under his charge, and shall constantly keep a clean, brisk fire. Where day* 
and-night fumacemen are employed, one shall not leav^ until the other come, 
except to inform of his non-attendance, and in such case he shall return with 
all speed. 

15. Lampnien. — ^The person in charge of the safety lamps shall daily 
examine and lock each lamp, and see that it is in good order, and clean, and 
free from any broken wire or wide space in the gauze ; also, that it has a 
closely-fitting hoop inside the gauze, and that the pricker fits the hole. 

16. When sinking or repairing Shafts. — ^No workperson shall send down 
or up any shaft or pit being sunk or repaired, blocks of stone or pieces of 
rook, unless the same be securely placed in a tub, cage, or hoppet. 

17. Biding on Tubs, — ^No person shall ride upon any engine-plane, self- 
acting plane, or brake»road, or upon any train of loaded tubs, without the 
permission of the manager or underlooker. 

18. To obey particular Instrttciions, — Every collier shall work according 
to such instructions as may from time to time be given him ; and, when 
ordered by the underlooker, shall keep a borehole in advance of, and on each 
side of, his place of work. 

19. To give Informaiion. — ^Every workperson shall give immediate informa- 
tion to the underlooker, fireman, or other officer, of any firedamp or other 
noxious gas, or any unusual quantity of water, or of any insecurity of the 
roof or other part of the workings, or of the shafts, ladders, or stages, or of 
any air door being left open, or partially so, and also on cutting into old 
workings. 

20. Bopes and Ca>ges,-^The banksman shall fr*equently examine the ropes, 
chains, carriages, and cages, and all their couplings. He shall report any 
defect in the same to the manager or underlooker ; and, if it be of a nature 
to endanger the workpersons employed, he shall immediately give notice to 
the engineman, who shall cease using the same for drawing up or letting 
down any person until the defect has been remedied. The banksman shall 
keep the frame and surface near the pit's month free frx>m coal, stones, or 
loose materials, and shall put np the fences at the pit's mouth when opera- 
tions have ceased. 

21. Stra/ngers, — The banksman, hooker-on, and engine man respectively 
shall prevent from going down the pit, or entering the mine, any person not 
employed therein, unless by a written order from the manager, or by the 
directions of the manager or underlooker. 

22. Working Hours, — The banksman and engineman shall not allow any 
person to go down the pit after the time fixed ; nor shall they allow any per- 
son to go down the pit in a state of intoxication, or to take intoxicating 
liquor down the pit ; nor shall any person drink it upon the works, except 
by permission of the manager or underlooker. 

28. Signals. — ^The following signals shall be observed : — 

One EInogk — ^To stop, when the engine is in motion. 

Onb Knock — ^To go on, when the engine is standing. 

Two Knocks — ^To lower. 

Three Knocks— When any person is going to ascend or deseenc(< 
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Other signals may be appointed for special occasions, which shall be printed 
and hnng np at the top and bottom of the pit, and also in the engine house 
belonging to such pit. 

24. Signals to go down atid ujj, — The hooker-on and banksman shall give 
the proper signal to the engineman to raise or lower the cages or tnbs before 
any person shall be allowed to go up or down the pit or incline, and shall 
not allow a greater number of persons to ascend or descend the pit at one 
time, than shall be specified in the notice at the top of the pit, and shall 
inform the underlooker if any person disobey their directions. 

25. Signal to Hooher'On. — ^The banksman shall not allow any person to 
descend a pit until he has signalled the hooker-on that some one is about to 
descend, and had the signal back : and the hooker*on shall then send up the 
empty cage or tub. 

26. Biding wiih Tools, ^. — ^The banksman or hooker-on shall not allow 
any person to go down or up the pit with tools, props, or other things until 
he has seen them secured, and shall not allow any person to get upon or off 
the cage or tub when it is in motion. They shall see that the means of 
signalling for the pits and inclines are kept in good order. 

27. HookeT'On to loch Safety Lamps. — The hooker-on, when directed by 
the underlooker, shall unlock, light, and re-lock the safety lamps of those 
workpersons who are ordered to use them, and shall not allow such work- 
person to go from the piteye until he has ascertained that such lamps are 
locked ; and, in such case, the hooker-on, so directed, shall be held as duly 
authorised for that duty. 

28. Water in Boilers, — The engineman shall not exceed the allowed pres- 
sure of steam, and shall maintain a proper depth of water in each boiler ; and 
if anything happen to prevent this he shall immediately damp the fire, and 
report it to the underlooker or superintendent. 

29. Bopesy Engine, Machinery, and Boilers, — The engineman sh^ run the 
ropes of the pit up and down every morning before any person descends ; 
and he shall, at least daily, and at every opportunity, examine the state of 
the engine, machinery, and boilers under his care, and shall report any defect 
to the underlooker or superintendent as soon as possible ; and, if dangeraus, 
he shall not work the engine until it is repaired. 

30. Bopes, Drums, and Engitie House, — The engineman shall examine all 
ropes or chains fixed to the verticals, drums, cages, or tubs, and see that 
they are properly fastened, and the flanges or horns of the drum project 
above the outer coil of rope or chain, and if he find any defect he shall im- 
mediately inform the manager or superintendent, and he shall not, without 
the permission of the manager, underlooker, or superintendent, allow any 
person to enter the engine house, or to work or handle the engine. 

31. Not to leave the Engine, — The engineman shall, on no account what- 
ever, leave his engine during the time any one is going down or up the pit 
or incline. 

32. Doubtful Signals. — The engineman shall attend to the signals, and if 
they are not distinct he shall wait until they are repeated. 

33. General Control. — All operative details below ground shall be under 
the charge of the principal underlooker, or, in his absence, of the assistant 
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underlooker, who sliall sec tbat the fireman and other workpersons in their 
several departments discharge their several and respective duties. 

34. Observance of General Eules. — The underlooker, fireman, and all other 
officers shall, each in his department, and as regards all matters under his 
oha)*ge, efficiently carry out the General Bides, 

35. Number to ride, — The underlooker shall specify from time to time the 
number of persons who shall be allowed to go down or come up the pit or 
incline at one time, and shall put up and maintain, in a legible state, at the 
top of the pit or incline a notice indicating the same. 

3G. Underlooker to cjt amine Rapes, ^. — The underlooker, or other appointed 
person, shall, in addition to the duties imposed on the engineer or banksman, 
frequently and carefully examine the state of every engine and boiler, and of 
the winding machinery, and winding ropes or chains, and other apparatus, 
at every pit under his control or supervision, and shall, on perceiving or 
receiving notice of any defect therein, immediately stop the winding engine, 
if requisite, and take the necessary measures for remedying such defect. 

37. VetUiUUion under Scaffolds. — The underlooker and fireman shall see 
that there is sufficient ventilation in the sump, and below each scaffold, and 
elsewhere in the shaft. The sump shall be kept covered or fenced off. 

38. Getieral Duties. — ^The underlooker, or person acting for him, shall 
frequently and carefully examine the workings of the pits in his charge, the 
state of the ventilation, and furnace (if any), the air doors and roof, and the 
direction and width of the roads ; and shall see that all airdoors are fixed so 
that they will close of themselves ; and that two sets of doors be placed 
between the intake and return aircourses in all cases where practicable. He 
shall examine or appoint some competent person to e.xamine the shafts, con- 
ductors, and bearers, or horse-trees, at least once a month, and more frequently 
if necessary ; and shall, upon finding anything dangerous or defective, cause 
such danger or defect to be at once repaired. The underlooker or fireman 
shall, when necessary, and from time to time, appoint the stations mentioned 
in Rule No. 3. 

39. Safety Lamps. — The underlooker, fireman, or other officer, shall 
ascertain the necessity for using lamps, and cause them to be examined and 
locked ; and shall, when approaching any place suspected to contain firedamp, 
or upon receiving notice of danger, or otherwise ascertaining the necessity 
for using safety lamps, order such lamps to be used. 

40. Spra^gging and Trapping, S^x. — The underlooker or the fireman shall 
peraonally see that the furnaces in their charge are in good repair, and care- 
fuUy attended, and shall examine, as often as practicable, the state of the roof 
in the travelling roads and in the working places of the men, and shall, upon 
such examination, cause the roof to be propped, or otherwise made secure, 
and the coal securely spragged, where necessary, and shall see that sufficient 
props are provided ; but this shall not be held in any way to relieve the work- 
persons of the duty of securely propping the roofs of their, own places, in 
terms of Special Rule No. 12. 

41. Gates at the Mouthinge. — The underlooker, or person acting in his 
absence, shall see that every mouthing or opening into a shaft, elsewhere than 
at the bottom of the shaft, shall be provided with a mil, chain, or gate, and 
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shall give proper orders for the same to be kept closed when the person 
in charge of snch mouthing or opening is absent, or when the working is 
suspended. 

42. Boilers, — The underlooker, or superintendent, to whom such duty shall 
have been committed, shall inspect, as often as practicable, the state of every 
steam gauge, water gauge, safety valve, and boiler, and cause them to be 
kept in g^ood repair. 

43. Fire^neii*8 Dvties. — The underlooker shall inform the fireman what 
portion of the workings is under his charge, and the fireman shall go to the 
pit at the time appointed by the underlooker, and shall descend the pit and 
carefully examine, with a safety lamp, the state of the ventilation in all the 
working places and travelling roads, and ascertain that they are in a safe 
condition before any workperson shall be permitted to go beyond the respective 
station mentioned in Rule 3 ; and if he find any part unsafe, he shall put up 
in some conspicuous place, as appointed from time to time by the under- 
looker, and at a sufficient distance from the point of danger, the signal or board 
indicating danger, mentioned in Special Rule No. 3. If he find the place 
safe, he shall put up the signal or board, indicating the same, mentioned in 
the said Special Rule, No. 3. 

44. Fireman to examine all accessible Paris, — The fireman shall frequently 
examine all accessible parts of the mine under his charge, whether frequented 
by workpersons or not, and he shall instantly take measures for removing 
any cause of danger. 

45. Notice of Non-Attemlance, — Any otfcer, when unable to attend his work, 
shall cause his superior to be informed in sufficient time to enable him to find 
a substitute. 
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THB COAIi MINES BEGIJI1A.TION ACT, 1872. 

The Books and Forms required to be used under the 

proTisions of the Coal Mines Aegulation Act, 1872. 

1. Circular of Inspecton to Mineownen. Price, 4b, per 100. 

2. Abstract of Coal Mines Begulation Act, in pamphlet f <Nnn, to be giren to irorkmen on impli- 

cation, as required by sec 67. Price, £1 4b. per 100 . 

3. Ditto, on large sheet, for posting at mine, as required by sec. 57. Price, 6d. each. 

4. Annual Return, to be sent to Inspector of District on January 1st in each year, commencing 

1874. In books containing 24 forms to be detached, and corresponding duplicates to 
remain in book. Price, 2b. 6d. 

5. Annual Return of Persons Employed and Mineral raised, to be sent to Inspector of District 

on February 1st in each year, commencing 1873. In books containing 24 forms to be 
detached, and corresponding duplicates to remain in book. Price, 2s. 6d . 

Nos. 4 and 5 in one book. Price, 4s. 

Kote.— Books made up in any other aiae required. 

6. Certificate of School Attendance. Price, 2s. per 100. 

7. The Mine Register, consisting of— 

a. Register of School Attendance for fipys, from 10 to 12 years of age, employed below 

ground. 
h. Register of School Attendance for Boys, from 10 to 13 years of age, cnployed abore 

ground. 
e. Register of School Attendance for Oiris, from 10 to 13 years of age, employed abofe 

ground. 

d. Register of Boys, from 12 to 13 years of age, employed belov ground. 

e. Register of Male Young Persons, from 13 to 16 years of age, employed below ground. 
/. Register of Male Young Persons, from 13 to 16 years of age, employod above ground. 
g. Register of Female Young Persons, from 13 to 16 years of age, employed abore 

ground. 
A. Register of Women employed abore ground. 

Kote.— Each leaf of the Register of School Attendance ia arranged to receive the entries 
required for twdre persons for twelve months. 

Each leaf of the Register of Employment is arranged to reeeire the entries for twenty- 
seven persons. 

Books are kept in stock, containing three sheets each, of all the above-named forms. 

Price, 2s. 6d. 
Books are also made up to order in any other proportion which may be required; and 
with the omission of any of the forms which may not be needed for use. 

Price per quire, 2b. 6d. 

8. Notice as to Certificates of Service and Certificates of Competency. Price, One penny. 
8a. Statement to be made on Application for Certificate. Price, Half-penny. 

9. Daily Record of Persons Employed Above and Below Ground, as arranged by M. W. 

Peace, Esq., to f^tcilitate the making of other returns. In foolscap folio books of twelve 
sheets, covering twelve years. Price, 2s. 6d. 

10. Form of Notice to Inspector of Occurrence of Accident, as drawn by M. W. Peace, Esq. 
and published in his book. Foolscap folio books, containing form to be detached and 
duplicate to remain in book — twenty-four forms. Price, 38. 6d. 

11. Forms for Reports of Inspection of Ventilation, under General Rule 2 (Inflammable Gas). 
Books of 200 pages, containing 400 forms of Report. Price, 6s. 

12. Do. doi, under General Rule 8 (no Inflammable Gas). Books of 200 pttges, containing 
400 forms of Report. Price, 6b. 
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13. Forms of Reports of Inspection (Sudden Danger) required by General Bule 6. Books of 
200 pages. Price, 6s. 

14. Forms of Reports of Daily and Weekly Inspection of Machinery and Mine, required by 
General Bule 29. Books of 216 pages, containing forms for 378 daOy and 54 weekly 
reports. Price, Ts. 6d. 

15. Form of Beports of Inspection by Workmen, as required by General Bule 30. Books of 

48 pages. Price, 28. 

Books Nos. 11 to 15, inclusive, will be bound in one volume if desired, and the proportions 
and quantities may be varied to suit convenience. 

16. Daily Becord of Barometrical, Thermometrical, and other Meteorological Observations. 
Arranged by J. Barrow, Esq. M.E. Books of 60 pages, each page adapted to contaih the 
record of one month's observations, half roan, cloth sides, lettered. Price, 5s. 

17. Becord of Ventilation. Arranged by J. Barrow, Esq., M.E. Books of 60 pages, half roan, 
cloth sides, lettered. Price, Ss. 

Books Nos. 16 k 17 in one volume. Price, 5s. 

T%iTd Ediium, Be-wrUten, — Orovn 6vo, eloth, price Ss, 6d,f 

The Colliery Manager's Calculator ; containing Practical 

BULES AND TABLES for the Solution of Various Questions connected with BilNING. 
Written for the Use of MINE AGENTS. By W. FAIBLEY, F.S-S., CoUiery Manager, 
Surveyor of Mines, Member of the Midland Institute of Mining Engineers, Author of 
** Praelical Observations on the South Wales Coal Field," ** Glossary of Terms used in the 
Coal Mining Districts of South Wales^ Bristol, and Somersetshire," &c., &c, &c. 

CHAFTBB COMTRMTSr— 

I. — ^Mensuration. 

IL— Surveying Underground without the Magnetic Needle-^Bemarks on the Directive Property 
of the Compass^Beducing Incline Measure — Solution of Bight-Angled Triangles — 
Calculaiting Northing and Southing, &c 
in.— On Work. 

IV. — Calculations on Friction, Underground Tramways, Inclines, Horsework, Bailways. 
V. — Specific Gravity— Weight and Strength of Materiius. 
VL — Calculations Belative to High-Pressure and Condensing Steam Engines — ^Drums for 

Winding'-Pumps, Water, Tubbing, Itc 
Vn. — ^Properties of Atmospheric Air— Lifting Power of Balloons — ^Furnace Ventilation — ^Meteoro- 
logical Vicissitudes. 
VIU.'-Timber Measure. 
IX. — Calculations on the Produce of Coal Seams, Coal Heaps, &c., Imperial and Cheshire 
Measure. 
X.— Calculations on the Probabilities of Accidents in Collieries. 
XI. — Useful Bules and Memoranda. 
XIL— Tables of Weights and Measures, British and Foreign. 

Price Zs, 6d., royal Bvo, cloth. Illustrated with Lithographs and Wood Engravings. 

Glossary of Terms used in the Coal Mining Districts of 

SOUTH WALES, BBISTOL, and SOMEBSETSHIBE. By W. FAIBLEY, M.E. 

Chsap Edition.— Price, stitched, 3^.6(2., cloih^bs,. Demy folio, Illustrated with numerous Plans 

and Sections. 

Practical Observations on the South Wales Coal Field. 

By W. FAlBLEY, M.E. 

Price, ed., royal 8vo. stitched. 

Calculations of the Produce of Coal Seams, Coal Heaps, &c* 

By W. FAIBLEY, M.E., F.S,S. Containing :— 

Table A.— Showing the Weight of Coal in tons under an acre of land (Cheshire measure) 
from 1 in. thick up to 13 ft. II in. 

Table B. — Showing Price per ton when the Coal is reckoned at so much footage to the 
acre (Cheshire measure), from £20 to £200 per foot per acte. 

Table C— For ascertaining the Weight of Coal contained in Coal Heaps. 
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PfieeAd^ *' * 

Table showing Quantity of Water in imperial gallons de- 
livered by a PUMP at EACH STROKE of the ENGINE. By YT. PAIRLEY, H.E., F.S.S, 

This TaUe is reprinted (m a large card from the " Colliery Manager^s Calculator." 
Pruft \t, 6d.y 4io,, Hitched, Illustrated with Sections of Strata, fe. 

Notes on the Shropshire Coal Field. By T. Parton, F.G.S. 

Chapter 1. Introductory. — 2. Ita Coal and Ironatone.— 3. The '' Great Symon" and other 
Faults. — L Igneous Bocks and Dykes.— 5. Methods of Working, Cost» &c. — 6. Organic 
Bemains. — 7* General Remarks and List of Sections. 

Just published, pries 8«., elothy 

A Mine Rent Ready Reckoner, or Tables for Facilitating 

the Calculation of Mine Boyaltyy Way-leave Bent, &c, at Bents from £1 to £200 per foot per 
Cheshire acre of 10,240 square yards, concluding with a Table showing the Bate per Ton, 
at rents extending from £5 to £200 per foot, and at weights varying from 2200 to 3800 tons 
per foot per Cheshire acre ; giving, also, the weight per cubic foot and per cubic yard. By 
JOHN TABBUCK, Colliery Manager and Surveyor. 

ybw ready, price 3«., Fmrth Edition of Ten Ihmsand Copies, muck improved, and enlarged to 

nearly 300 pages* 

Hopton's Conversations on Mines, between Father and Son. 

The additions to the work are'nearly 60 pages of useful information, principally questions and 
answers, with a view to assist applicants intending to pass an examination as mine managers, 
together with tables, rules of measurement, and other information on the moving and pro- 
pelling power of ventilation, a subject whidi has caused so much controversy. 

Just published, price One OutneOf 

Section of the Yorkshire Coal Field, by R. Sidebottom, 

Mining Engineer, Land and Mine Surveyor, Newmillerdam, near Wakefield. 

Price Is*, foolscap 8«0. paper covers. 

Coal Mining in India : A Lecture to the Proprietors and 

Managers of the Coal Mines in India. By MABK FBYAR, M.E., F.G.S. (Mining Geologist 
in connection with the Geological Survey of India.) 

Priced., foolscap 8«o. stitched. Illustrated with Wood Engravings, 

A Journey into some of the Ironmaking Districts of the 

CENTRAL PBOVIKCES of INDIA. By MARK FRYAR, M.£. 

THE COAIi FIEIiDS OF AUBTBALIA. 

Sections, placed in their relative positions, showing the 

strata and Seams of coal at present proved at or near New South Wales." By J. Mackbnzib, 
Esq*, Government Examiner of Coalfields, and the Rev. W. B. Clabxb, M«A., F.G.8. 
Orders received at the '* Colliery Guardian" Office, 5, Bouverie-street, Fleet^street, London, 
where a copy may be inspected. 



London: W. M. Hutchings. "Gollieiy Guardian" Office, 

6, BOUTEiOi: ST&EET, LONDON, £.0. 
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